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FOREWORD 

This  report  was  prepared  for  the  Department  of  the  Air  Force, 
Space  and  Missile  Systems  Organization  (SAMSO)  in  compliance 
with  conditions  of  Contract  No.  F04704-77-C-0010 ,  and  is  a 
geotechnical  summary  of  the  prime  Characterization  sites  in  the 
Rio  Grande  and  Highlands  Candidate  Siting  Provinces  (CSPs) . 

The  prime  site  in  the  Rio  Grande  CSP  is  Jornada  del  Muerto,  New 
Mexico  and  the  prime  site  in  the  Highlands  CSP  is  San  Simon 
Valley,  Arizona. 

The  report  presents  representative  data  obtained  from  geotechni¬ 
cal  field  investigations  performed  at  both  sites  as  part  of  the 
Characterization  program.  The  information  obtained  from  these 
studies,  in  combination  with  data  obtained  in  the  Screening 
studies,  has  been  used  for  geotechnical  ranking  (FN-TR-25) . 
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1.0  INTRODUCTION 

This  report  presents  the  results  of  geotechnical  field  inves¬ 
tigations  performed  in  the  Jornada  del  Muerto  and  San  Simon 
characterization  sites,  located  in  central  New  Mexico  in  the 
Rio  Grande  Candidate  Siting  Province  (CSP)  and  in  southeastern 
Arizona  in  the  Highlands  CSP,  respectively.  These  provinces 
are  two  of  six  selected  for  geotechnical  characterization 
studies.  This  report  presents  representative  data  collected 
and  analyzed  for  these  sites.  Access  to  the  remaining  data  can 
be  arranged  through  SAMSO/MNND,  Norton  Air  Force  Base, 
California. 

The  Rio  Grande  CSP  lies  within  the  states  of  New  Mexico  and 
Texas  (Figure  1) .  It  is  characterized  by  predominately  north 
ai.u  northwest  trending  mountain  ranges  separated  by  fault 
controlled  closed  basins  possessing  a  variety  of  geologic 
and  engineering  conditions. 

The  Highlands  CSP  lies  within  the  states  of  New  Mexico  and 
Arizona  (Figure  2)  and  is  characterized  by  variable  geologic 
structures  and  topography.  North  to  northwest  trending  moun¬ 
tain  ranges  comprise  from  25  to  33  percent  of  its  area. 

Drainage  is  moderately  well  developed,  however,  a  few  basins 
are  closed  and  contain  playas. 

Suitable  areas  for  deployment  of  MX  missile  system  remaining 
after  Intermediate  Screening  were  divided  into  CSPs  based  on 
similar  geotechnical  characteristics.  The  results  of  Inter¬ 
mediate  Screening  (FN-TR-17)  indicated  that  existing  data 
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were  not  adequate  in  type  or  level  of  detail  for  follow-on  geo¬ 
technical  and  geo-environmental  evaluations,  screening,  site 
selection,  and  ranking  studies.  Therefore,  the  Characterization 
studies  were  developed  to  provide  a  rapid,  relatively  inexpensive 
method  of  gathering  geotechnical  data  in  small  areas  (maximum 
about  700  nm2;  2400  km2)  which  are  considered  to  be  represen¬ 
tative  of  a  larger  area  within  the  CSP. 

Emphasis  was  placed  on  the  collection  of  information  allowing 
characterization  of  geological  units  with  respect  to  the 
construction  aspects  of  MX  missile  basing  options.  Objectives 
of  the  Characterization  studies  were  to  obtain  data  that 
address  the  following  geotechnical  aspects: 

o  Surficial  geology  and  terrain 
o  Subsurface  conditions 
o  Geophysical  properties 
o  Engineering  properties 

Although  the  program  originally  emphasized  data  collection 
for  the  trench  and  horizontal  shelter  basing  modes,  the  data 
were  utilized  for  evaluation  of  the  vertical  shelter  basing 
mode  as  well.  Characterization  was,  therefore,  a  refinement 
of  the  screening  process  whereby  the  necessary  geotechnical 
information  was  developed  to  support  the  broader  MX  system 
design  activities.  These  activities  were  taking  place 
concurrently  and  provided  a  more  firm  basis  from  which  to 
geotechnically  rank  the  remaining  suitable  area  considering 
different  alternative  basing  modes. 
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Two  Characterization  sites  (one  prime  and  one  supplementary) 
were  selected  within  each  CSP  (Figures  1  and  2) .  This 
report  discusses  only  the  prime  site  within  each  CSP. 

The  characterization  site  selection  process  began  with  a 
delineation  of  geotechnically  similar  areas  within  each  CSP 
having  analogous  depositional  and  geologic  histories, 
rock  and  water  depths,  and  tectonic  settings.  Once  these 
areas  had  been  identified,  non-geotechnical  factors  were 
applied  to  delineate  the  actual  Characterization  site 
boundaries.  These  non-geotechnical  selection  factors 
included  access,  proximity  to  support  facilities,  environ¬ 
mental  sensitivities,  and  local  logistical  requirements. 

Geologic,  geophysical,  and  soils  engineering  techniques  were 
used  to  determine  the  surface  and  subsurface  geotechnical 
conditions  in  Jornada  del  Muerto  and  San  Simon.  These 
include: 

o  Analysis  of  available  data 

o  Aerial  photo  interpretation  of  surficial  geologic 
units  utilizing  black  and  white  stereographic 
pairs  at  scales  of  approximately  1:30,000  (Jornada  del 
Muerto)  and  1:60,000  (San  Simon) 
o  Geologic  field  check  of  aerial  photo  interpretation 
and  determination  of  physical  properties  of  the 
surficial  units  at  selected  field  stations 
o  Shallow  and  deep  seismic  refraction,  down  hole  seismic 
velocity,  and  electrical  conductivity  surveys  to  obtain 
subsurface  profile  information 
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o  Gravity  and  ground  magnetic  surveys  to  aid  in  interpret¬ 
ation  of  basin  configuration 
o  Drilling  and  trenching  to  determine  subsurface  soil 
characteristics  and  obtain  soil  samples 

o  Laboratory  testing  of  soil  samples  to  determine 
engineering  properties 

Prior  to  initiating  any  field  work,  an  archeological  and 
environmental  inspection  was  conducted  at  each  site  to  ensure 
minimal  impact  to  the  local  environment  and  to  avoid  damage  to 
archeologic  and  historic  sites.  To  further  minimize  potential 
impacts,  all  field  activities  were  performed  adjacent  to 
existing  roads  or  other  previously  disturbed  areas. 

Site  access  to  the  Jornada  del  Muerto  and  Salt  Basin  character¬ 
ization  sites  in  the  Rio  Grande  CSP  was  coordinated  through  the 
Base  Engineers  Office,  White  Sands  Missile  Range,  and  the  U.S. 
Army  Corps  of  Engineers,  respectively.  Access  to  characteriza¬ 
tion  sites  in  the  Highlands  CSP  was  gained  through  BLM  permits 
and  the  U.S.  Array  Corps  of  Engineers. 
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2.0  JORNADA  DEL  MUERTO  SITE 

The  Jornada  del  Muerto  characterization  site  covers  an  area 
of  330  nm2  (1132  km^)  in  Socorro  and  Sierra  counties.  New 
Mexico.  The  site  is  bounded  by  mountain  ranges  on  the  east  and 
south.  The  Rio  Grande  River  lies  just  outside  the  site  area  to 
the  west.  Chupadera  Mesa  lies  to  the  north.  A  network  of 
paved  and  graded  roads  as  well  as  four-wheel  drive  trails 
provide  access  within  the  site. 

2.1  SCOPE  OF  INVESTIGATION 

Scope  of  geologic,  geophysical,  and  soils  engineering  field 
activities  performed  at  the  site  and  laboratory  tests  performed 
on  soil  samples  from  the  site  is  presented  in  Table  1.  Detailed 
information  about  the  soils  engineering  field  activities  (17 
borings  and  seven  trenches)  is  summarized  in  Tables  2  and  3. 

Locations  of  all  the  field  activities  are  shown  in  Figure  3. 

2.2  SURFICIAL  GEOLOGY  AND  TERRAIN 

Alluvial  fan  deposits  of  younger  and  intermediate  age  and 
eolian  sheet  sand  are  the  predominant  surficial  geologic  units 
within  the  Characterization  site  (Figure  3)  .  Fluvial  deooslts  cover  approxi¬ 
mately  6  percent  of  the  area,  younger  alluvial  fan  deposits  cover  approximately  14 
percent,  intermediate  alluvial  fan  deposits  cover  22  percent,  and 
eolian  sheet  sand  covers  approximately  45  percent.  Playa  and 
older  lacustrine  deposits  cover  approximately  three  and  nine 
percent  of  the  surface  area,  respectively.  These  deposits  do  not 
represent  a  large  percentage  of  the  surface  area,  but  they  are 
generally  of  great  thickness  and  interfinger  with  alluvial 
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ENGINEERING-LABORATORY  TESTS 


TYPE  OF  TEST 

NUMBER  OF 
TESTS 

Unconfined  compression 

29 

Triaxial  compression 
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30 

Compaction 
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Chemical  analysis 
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TYPE  OF  TEST 
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Moisture/density 
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BORING  NUMBER 

TOTAL  DEPTH 
FEET (METERS) 

TYPE  OF  DRILL  RIG  USED 

JM-B-I 

102. Q  (31.1) 

Rotary  Wash 

JM-B-2 

106.0  (32.9) 

Rotary  Wash 

JM-B-3 

105.0  (32.0) 

Rotary  Wash 

JM-B-4 

102.5  (31.2) 

Rotary  Wash 

JM-B-5 

100.0  (30.5) 

Rotary  Wash 

JM-B-6 

101.0  (30.8) 

Rotary  Wash 

JM-B-7 

102.5  (31.2) 

Rotary  Wash 

JM-B-8 

99.0  (30.2) 

Rotary  Wash 

JM-B-9 

102.5  (31.2) 

Rotary  Wash 

JM-B-I 0 

301.5  (91.9) 

Rotary  Wash 

JM-B-I 1 

304.0  (92.7) 

Rotary  Wash 

JM-B-I 2 

102.5  (31.2) 

Rotary  Wash 

JM-B-I 3 

101.0  (30.0) 

Rotary  Wash 

JM-B-14 

102.5  (31.2) 

Rotary  Wash 

JM-B-I 5 

302.5  (92.  2) 

Rotary  Wash 

JM-B-I 7 

102.0  (31.1) 

Rotary  Wash 

OBTAINED 


B.  P 


B.  P.  C 


B.  P 


P 


B.  P 


B.  P 


8.  P.  SS 


B.  P 


B.  P 


B,  P 


B,  P 


B.  P 


B,  P 


B.  P,  SS 


*P  =  Pitcher  sample  (undisturbed) 

0  =  Fugro  Drive  sample  (relatively  undisturbed) 

B  =  Bulk  sample  (disturbed,  but  representative) 

SS  =SpIit  Spoon  sample  (disturbed,  but  representative) 
C  =  Rock  Core 
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TRENCH  NUMBER 

TOTAL  OEPTH 
FEET(METERS) 

JM-T-2 

16.5  (5.0) 

JM-T-3 

18.0  (5.5) 

JM-T-4 

18.0  (5. 5) 

JIII-T-7 

18.0  (5.5) 

JM-T-8 

18.0  (5.5) 

JM-T-12 

18.0  (5.5) 

JH-T-14 

18.5  (5.6) 

STABILITY  OF  VERTICAL  EXCAVATION  WALLS 


stable;  I5.5-1B.5’  (4.7-5.0m).  stage  H  Cal iche 


stable;  16.5-18.0’  (5.0-5.5ni),  stage  H  Cal  iche 


stable 


stable;  1-3'  (0. 3-0. 9m)  .  stage  I  Caliche 


stable;  0-7*  (0-2m) 

some  sloughing  into  trench:  7-17*  (2. 1-5. 2m) 
stable;  17-18’  (5. 2-5. 5m) 
stage  I  Cal  iche,  3-9’  (0.9-2. 7m) 


stable,  3-12’  (0.9-3. 7m),  stage  I  Caliche 


unstable;  heavy  sloughing,  0-5'  (0-1. 5m) 
stable;  stage  I  Caliche,  5-iO’  (l.5-3.0m) 
unstable:  some  sloughing  into  trench  .  10-18.5' 
(3.0-5.Bm) 
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deposits  in  the  subsurface  within  the  construction  zone.  The 
alluvial  fan  deposits  are  typically  silty  sands  with  gravel, 
ranging  from  sandy  gravels  near  the  mountain  fronts  to  sandy 
silts  near  the  playas.  Playa  and  older  lacustrine  deposits  are 
generally  clayey  silts.  These  units  along  with  the  remaining 
surficial  units  are  described  in  Table  4. 

Surface  slopes  and  depths  of  drainage  incision  vary  with  geo¬ 
logic  units,  both  generally  increasing  with  proximity  to  the 
mountain  fronts  (Table  4) .  Maximum  surface  slope  is  five  per¬ 
cent  with  typical  slopes  of  less  than  one  percent.  Drainages 
are  typically  shallow  (less  than  10  feet;  3  m) ,  with  gently 
sloping  sides  except  near  mountainous  areas.  Locally  they  may 
be  deep  (greater  than  20  ft;  6  m)  and  steep  sided. 

2.3  SUBSURFACE  CONDITIONS 

2.3.1  Soil  Profiles 

Varying  thicknesses  of  eolian  sheet  sand  and  alluvial  fan 
deposits  typically  overlie  several  hundred  feet  of  older  lacus¬ 
trine  deposits  in  the  Jornada  site.  The  subsurface  conditions 
and  the  composition  of  the  soils  with  depth  are  illustrated  by 
the  soil  profiles  shown  in  Figures  4  and  5.  Eolian  sheet  sand 
and  alluvial  deposits  predominantly  consist  of  coarse-grained 
soils  whereas  lacustrine  deposits  consist  of  fine-grained 
soils. 


2.3.2  Depth  to  Shallow  (<150  ft; <46  m)  Rock  and  Water 

Figure  6  shows  the  portions  of  the  site  in  which  rock  and  water 
are  estimated  to  be  encountered  within  a  depth  of  150  feet 


T 


SURFICIAL  GEOLOGIC  UNIT  (a) 

GEOLOGIC  AGE 

Fluvial  Deposi  ts  (A1 ) 

Quaternary 

Eol  lan  Deposi ts  Sheet  and 
Dune  Sand  (A3s,  A3d) 

Quaternary 

Playa  Deposi ts  (A4) 

Older  Lacustrine  and  Playa 
Deposits  (A4o) 

Quaternary- 
Ter  t  lary 

Younger  Alluvial  Fan 

Deposi ts  ( A5y ) 

Quaternary 

Intermediate  Al  luvial  Fan 
Deposi ts  (A5i ) 

Quaternary 

Older  Al  luvial  Fan 

Deposi ts  (A5o ) 

Quaternary- 

Tertiary 

THICKNESS 

AREAL  EXTENT  (SITE) 

FEET 

(METERS) 

DESCRIPTIVE  NAME(S) 

USCS 

SYMBOL(S) 

(b) 

nm^  (km^) 

PERCENT 

Unknown 

Silty  Sand  with  Clay 

SM 

20  (69  ) 

6 

0-18 

(0-6) 

Sand.  Silty  Sand,  Silty 
Sand  wi th  Clay 

SP,  SM 

149  (511) 

45 

Unknown 

Silt  and  Clay 

ML,  CL 

10  (34) 

3 

Unknown 

Clay.  Gypsiferous  Si  1 1. 
Silty  Sand 

CL.  ML.  SM 

30  (  103), 

9 

Unknown 

Silty  and  Clayey  Sand 

WI th  Gravel .  Silt,  Clay 

SM.  SC 

46  (  158  ) 

14 

Unknown 

Silty  Sand  wi  th  Gravel 
and  Cobbles 

SM 

73  (  25D) 

22 

I 


NOTES: 

(a)  For  generic  description  of  geologic  units,  see  Table  A-l. 

(b)  For  description  of  USCS,  see  Table  A-2 

(c)  For  description  of  stage  of  caliche,  see  Figure  A-I. 

(d)  Mixed  with  A5i  deposits  in  the  southern)  part  of  the  site; 
designated  At  ASy  on  Figures  3  and  6 

(e)  Dune  sands  comprise  one  percent  of  the  site  area. 

(f)  This  gypsiferous  deposit  occurs  extensively  in  the  subsurface. 


REAL  EXTENT  (SITE) 

Ti^  (km^) 

PERCENT 

GRADATION 

!0  (69) 

6 

Well 

•9  (511) 

i 

Poor- 

Modeiately 
wel  1 

B 

3 

Poor 

0  (  103)^ 

9 

Poor 

6  (158) 

14 

Moderately 
Del  1 

3  (  250  ) 

22 

Moderately 

well-well 

3  (10) 

1 

Moderately 
wel  1 

PROPERTIES  OF  SURFACE  MATERIALS 


Hone- 

Moderate 


MAXIMUM 
GRAIN  SIZE 

PAVEMENT/ 

PATINA 

Sand 

None/Rone 

Sand 

None/Mone 

Si  1 1 

None/None 

Sand 

None/None 

Sand 

None/'None 

Cobble 

Poof/Poof 

Boulder 

None ''None 

None  (d) 


(e) 


None 


0-5  (0-2)  (f) 


<1-6  (^1-2) 


5-25  (2-8) 


50-100 
( 16-33) 
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DEPTH  BELOW  GROUND  SURFACE  (METERS) 


OtO 

I 

r  50 
20  H 

I 

I- 100 


ELEV  4693' 
(143  Pin) 


ML 

•  / 

CL 

SM 

CH 

SP-SM 

SP 

SC 

& 

i 

CH 

SM 

J5M 

I3cm 

Hsm 


•  4 

ELEV  46  8  0' 
(1436*) 


CH 


SP 


H  JCH 

I^SII 
ID.  102  5' 
(31. 2«) 


60i  200 


UJ 


p250 

80  -I 


h300 


100  i 


CL 

SM 


CL 


SM 


CH 


SM 


CH 


T.O.  304.0' 
(92  7*) 


^350 


NOTES:  1.  Ground  surface  elevations  shewn  at  locations  of  borings  are  approiliaate 

2.  T.D.=  Total  Depth 

3.  Soil  types  shown  adjacent  to  soil  column  are  based  on  Unified  Soil 
Classification  System  (USCS)  and  are  explained  in  the  appendix 
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rSURFICIAL  GEOLOGIC  UNITS 

I  I  Al,  A3  -  fluvial  and 
I — >  Bolian  dapositt 

■  A4  ,A4o  •>  playa  and  oldar, 
playa  and  lacustrina  dapoiiti 

nA5y  •  younger  alluvial 
fan  deposits 
pn  A5i  -  interiediata 
■ — >  alluvial  fan  deposits 

■  A5o  -  older  alluvial  fan 
deposits 

ROCK  UNITS 

Hs  -  sadiientary 


1^1  -  igneous 

mils 


«— Contour  indleotot  approilnlo  dopth  to  fronltlc 
■otoaorphie  rock,  contour  intorual  2000  faat. 
isurlaco  doptht  and  configuration  batod  on  gravitp 
torprotat ion. 

■np  Contour  indicatoc  tadiaantarp  and  ignaaut 
ock  or  rock'iiko  notarial  nith  p*na«a  yalocitioc 
7000  Ipt  at  a  depth  at  approiianta ly  ISO  toot 
lachurod  cido  of  lino  indicatoc  rack  at^lSO  foot), 
tour  location  bacad  on  gaologie  napping  and 
at  inlorprotatlon. 

»r  indiL^r»c  ground  natar  at  a  dapth  of 
iy  ISO  foal  (baeburod  tida  of  lina  indieatat 
aalar  at'clSO  loot). 

FAULTS 

-  Oaibad  abaro  appreilnalo ly  loealad 

. 7  Dotted  abaro  burled,  quarlad  ahara  Intarrad 

o  ^^^ntM£rata^_reajrayMj[^a^a^^_^__,_^^___ 

i  CENEilALIZED  GEOLOGIC  MAP  AND 

SELECTEO  SUBSURFACE  FEATURES 
t  JORNADA  DEL  MUERTO,  NEW  MEXICO.  RIO  GRANDE  CSP 


NOTE:  For  detailed  description 
of  geologic  units,  see  Table  A>1. 
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below  ground  surface.  Shallow  rock  comprises  approximately 
ten  percent  of  the  site  based  on  boring,  seismic,  gravity,  geo¬ 
logic,  topographic  and  other  available  data.  Ground  water  will 
be  encountered  at  depths  of  less  than  150  feet  (46  m)  over 
approximately  30  percent  of  the  site  area.  Ateas  of  shallow 
ground  water  will  generally  coincide  with  the  surficial  distri¬ 
bution  of  older  lacustine  and  playa  deposits.  Elsewhere,  local 
areas  of  perched  water  may  also  be  encountered  at  depths  of 
less  than  150  feet  (46  m)  . 

2.3.3  Basin  Configuration 

Geophysical  investigations  indicate  bedrock  within  50  feet 
(15  ra)  of  the  surface  near  the  mountains  in  the  southern  part 
of  the  site.  Deep  seismic  lines  near  the  middle  of  the  valley 
encountered  high  velocity  materials,  probably  well  indurated 
older  alluvium,  at  a  depth  of  450  feet  (140  m) . 

Gravity  data  indicate  the  basement  topography  of  the  site  is 
dominated  by  a  16,000-foot  (4900  m)  deep  basin  that  is  bounded 
on  the  east  by  a  steep  fault  and  on  the  west  by  a  gently 
sloping  plane  in  the  vicinity  of  the  generalized  geologic 
cross-section  (Figure  7) .  Near  the  south  end  of  the  site,  an 
east-west  trending  basement  ridge  separates  the  large  basin 
from  a  smaller  one.  Buried  basalt  from  the  Jornada  Malpais 
basalt  field  may  overlie  much  of  this  ridge. 

2.4  GEOPHYSICAL  PROPERTIES 

Results  of  shallow  and  deep  seismic  refraction  surveys  and 
downhole  velocity  surveys  are  presented  in  Tables,  5,  6  and  7. 


>afiO  Ht 


iL  INC 


METERS 


APPROXIMATE 

ELEVATION 


EXPLANATION 


Undifferentiated  basin-fill  deposits 

Predominantly  eollan  (A3),  fluvial  (Al)  and  alluvial  (A5)  deposits 
with  minor  playa  (A4)  deposits 

Older  lacustrine  and/or  playa  (A4o)  deposits 


Undifferentiated  older  basin-fill  deposits  and  sedimentary  rocks 


Precambrian  metamorphic  rock 


Approximate  geologic  contact,  queried  where  inferred 
Fault,  dashed  where  inferred 


APPROXIMATE 

ELEVATION 

12000  1 


SEA  LEVEL 


NOTES; 

1.  The  cross  section  is  generally  representative  of 
subsurface  conditions  mi  thin  the  band  shown  on  the  location 
map.  Due  to  the  limited  density  of  available  data  and  the 
sparseness  of  newly  acquired  data,  the  subsurface  conditions 
are  highly  interpretive. 

2.  For  a  detailed  description  of  geologic  units  see 
Table  A-l 
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Shallow  refraction  results  (Table  5)  indicate  a  surficial  layer 
having  a  velocity  range  between  1200  and  1850  fps  (366  and 
564  mps)  with  an  average  thickness  of  eight  feet  (2.5  m) . 
Velocities  greater  than  7000  fps  (2134  mps)  were  encountered  at 
the  location  of  four  lines.  Five  major  velocity  zones  were 
observed  on  the  deep  seismic  lines  (Table  6).  Velocities 
representative  of  crystalline  basement  were  not  observed. 

The  compressional  wave  velocities  from  downhole  surveys 
(Table  7)  do  not  correspond  with  those  from  shallow  seismic 
refraction  (Table  5)  due  to  the  anisotropy  of  the  soils  and 
method  of  measurement.  However,  shear  wave  velocities  of  the 
site  soils  were  obtained  from  the  downhole  surveys. 

2.5  ENGINEERING  PROPERTIES 

Engineering  properties  of  the  subsoils  representing  various 
geologic  units  were  determined  from  laboratory  tests.  The 
tests  consisted  of  the  following:  classification,  consolida¬ 
tion,  shear  strength,  compaction,  CBR,  and  chemical.  The  range 
of  engineering  properties  and  compressional  wave  velocityes 
are  presented  in  Table  8. 

Eolian  sheet  sand  consists  of  medium  dense  to  dense  poorly 
graded  sands  and  silty  and  clayey  sands  with  little  gravel. 
Intermediate  alluvial  fan  deposits  consist  of  dense  to  very 
dense  sands  and  gravels.  Younger  alluvial  fan  deposits  are 
comprised  of  medium  dense  to  dense  silty  and  clayey  sands 
with  some  stiff  silts  and  clays.  Older  lacustrine  deposits 
consist  of  stiff  to  very  stiff  silts  and  clays  which  are 
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UNIFIED  SOIL  CLASSIFICATION  SYMBOL(S) 


GENERAL  PROPERTIES 


DRY  DENSITY 


MOISTURE  CONTENT 


DEGREE  OF  SATURATION 


SPECIFIC  GRAVITY 


DEGREE  OF  CEMENTATION 


pel  (kg  ra^) 


COMPRESSIONAL  WAVE  VELOCITIES  fps(nips) 


ELECTRICAL  CONDUCTIVITY 


GRAIN  SIZE  DISTRIBUTION 


(mhos  m) 


BOULDERS  >12  inches(30cm) 


COBBLES  3  to  12  inches(Bto  30cm) 


GRAVEL 


SILT  AND  CLAY 


PLASTICITY  DATA 


LIQUID  LIMIT 


PLASTICITY  INDEX 


COMPRESSIBILITY  DATA 


COMPRESSION  AT  4  ksf (l92kN/m2)  (‘.) 


SNELL  OR  COLLAPSE  UPON  SATURATION  (') 


SHEAR  STRENGTH  DATA 


UNCONFINED  COMPRESSION 


CD  TR I  AXIAL  COMPRESSION 


DIRECT  SHEAR 


COMPACTION  AND  CBR  DATA 


MAXIMUM  DRY  DENSITY 


ksf(kN  m^) 


ksKkN  mZ) 


pcKkg  m3) 


OPTIMUM  MOISTURE  CONTENT 


CBR  AT  90%  RELATIVE  COMPACTION 


Eol ian  sheet  sand  (A3s) 


SP,  SM.  SC. 


Intermediate  alluvial  t.iii 


SP.  SM,  SC,  GP  Gf' 


None  to  moderate 


1420-3220  (  433-9BI 


-1  Oksf  (48  ktl  ii|3),  <?>-34  -39 


0.7-5. 5  (34-2B3J 


2.68-2.77 


Moderate  to  sti 


1000-7200  (  305-; 


2.0*  (96±  ' 


2  5-7.7  (  I2P-'G 


DNA.DATA  NOT  AVAILABLE  (INSUFFICIENT  DATA  OR  TESTS  NOT  PERFORMED) 


'  GEOLOGIC  UNITS 


ediate  alluvial  t.m  deposits  (A5i)  Youngei  alluvial  Ian  deposits  (A5y) 


i  SP.  SM,  SC,  GP  GM  GC  SM.  SC.  HL,  CL 


Oldei  lacustiine  deposits  (A4o) 


CL,  ML,  SC 


95-133  (I522#k?l30) 

80-116  (1281-1858) 

84-120(1346-1922) 

7-19 

4-20 

3-43 

4,-83 

19-49 

10-89 

2.68  -2.77 

2  67-2  72 

2  59-2  73 

Moderate  to  strong 

None  to  weak 

Weak  to  strong 

1000-7200  (305-2195) 

1500-3100  (457  -945) 

1700-6750  (518-2057  ) 

DNA 

DNA 

DNA 

1  24-26 

24-27 

21-66 

NP-12 

NP-13 

NP-31 

RANGE  OF  ENGINEERING  AND 
GEOPHYSICAL  PROPERTIES 

JORNADA  DEL  MUERTO.  NEW  MEXICO.  RIO  GRANDE  CSP 


MX  SI  IING  INVESI  IGMION 
OEPAeiVIFNI  OF  tMt  me  KjeCE  S«MSO  B 


FN-TR-26C 


25 


comprised'  u£  medium  ijlen^e  -to  dens«  si  1L7~  ail'd  trlayey-ezmds'  ,  . 

-with  some-s-fe-irf-f— si^ts  and  clays.  Older  lacustrine  deposits  > 
~«eftsi-st  of  stifT  tor  very  stiff  silts  and  clays  which  are^ 
moderately  compressible.  Eolian  sheet  sand  and  intermediate 
alluvial  fan  deposits  possess  moderately  high  shear  strengths; 
younger  alluvial  fan  and  older  lacustrine  deposits  possess 
moderate  shear  strengths.  The  site  soils  are  generally  neither 
expansive  nor  collapsible.  Range  of  the  gradation  of  the  four 
geologic  units  is  shown  in  Figures  8  and  9. 

Results  of  chemical  tests  on  soil  samples  are  shown  in  Table  9. 
The  test  results  indicate  that  sulfate  attack  of  soils  on  con¬ 
crete  will  be  "severe." 

Representative  logs  of  three  borings  and  three  trenches  from 
the  site  are  contained  in  Appendix  B.  Results  of  the  shear 
strength  and  CBR  tests  performed  on  soil  samples  from  the 
site  and  a  summary  of  all  the  laboratory  tests  performed  on 
soil  samples  obtained  from  boring  JM-B-11  are  also  included 
in  Appendix  B. 
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3.0  SAN  SIMON  SITE 

The  San  Simcn  character iztion  site  covers  an  area  of  715  nm^ 
(2452  kra2)  in  Graham  and  Cochise  counties,  Arizona.  The  site 
is  bounded  by  mountain  ranges  on  the  east  and  west.  The  valley 
extends  beyond  the  bounds  of  the  site  to  the  north  and  south. 
Major  streams  within  the  site  drain  toward  the  Gila  River  to 
the  north.  The  site  is  accessible  via  Interstate  10  along  the 
southern  edge  and  via  state  route  666  along  the  western  edge. 

A  network  of  graded  roads  and  four-wheel  drive  trails  provides 
access  within  the  site. 


3.1  SCOPE  OF  INVESTIGATION 

Scope  of  geologic,  geophysical,  and  soils  engineering  field 
activities  performed  at  the  site  and  laboratory  tests  performed 
on  soil  samples  from  the  site  are  presented  in  Table  10. 
Detailed  information  about  the  soils  engineering  field  activi¬ 
ties  (13  borings  and  seven  trenches)  is  summarized  in  Tables  11 
and  12.  Locations  of  all  the  field  activities  are  shown  in 
Figure  10. 


3.2  SURFICIAL  GEOLOGY  AND  TERRAIN 

Alluvial  fan  deposits  of  younger  and  intermediate  age  and  older 
lacustrine  deposits  are  the  predominant  surficial  geologic 
units  within  the  San  Simon  site  (Figure  10) .  Younger  alluvial 
fans  cover  approximately  35  percent  of  the  area,  intermediate 
alluvial  fans  cover  25  percent,  and  older  lacustrine  deposits 
cover  30  percent.  The  alluvial  fan  deposits  are  typically  silty 
sands  with  gravel,  ranging  from  sandy  gravels  near  the  mountain 
front  to  sandy  silts  near  the  valley  interiors.  The  lacustrine 
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GEOLOGY  AND  GEOPHYSICS 
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Geological  mapping 
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Shallow  refraction 
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NUMBER  OF  BORINGS 


NUMBER  OF  TRENCHES 


NOMINAL  DEPTH 
FEET  (METERS) 

25  (8) 

50  (15) 

100  (30) 

300  (91) 


{NOMINAL  DEPTH] 
FEET  (METERS) 
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10  (3) 

5 

12  (A) 

TYPE  OF  TEST 


Moisture^density 
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Sieve  analysis 
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Atterberg  limits 
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Unconfined  compression 
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Triaxial  compression 

4 

Direct  shear 
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CBR 
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BORING  NUMBER 

SS-B-1 

SS-B-2 

SS-B-3 

SS-B-4 

SS-B-5 

SS-B-6 

SS-B-7 

SS-B-B 


TOTAL  DEPTH 
FEET  (METERS) 

302.5  (92.2) 

72.5  (22.1) 
50.9  (15.5) 
51.0  (15.5) 

55.5  (16.9) 
51.0  (15.5) 
45.0  (13.7) 
54.0  (16.5) 


TYPE  OF  DRILL  RIG  USED 

Rotary  wash 
Rotary  wash 
Hollow  Stem  Auger 
Hoi  low  Stem  Auger 
Hollow  Stem  Auger 
Hollow  Stem  Auger 
Hollow  Stem  Auger 
Rotary  Wash 


TYPE  OF  SAMPLES* 
OBTAINED 


SS-B-9 

48.0  (14.6) 

Hollow  Stem  Auger 

SS-B-IO 

20.0  (6.1) 

Hollow  Stem  Auger 

SS-B-II 

101.5  (30.9) 

Rotary  Wash 

SS-8-12 

61.0  (18.6) 

Rotary  Wash 

SS-B-1 3 

50.0  (15.2) 

Hoi  low  Stem  Auger 

•P  =  Pitcher  sample  (undisturbed) 

D  =  Fugro  Drive  sample  (relatively  undisturbed) 

B  =  Bulk  sample  (disturbed,  but  representative) 

SS  =  Split  Spoon  sample  (disturbed,  but  representative) 
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stable 

SS-T-6 

12.8  (3.9) 
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deposits  are  very  coarse  along  the  periphery  of  the  valley  but 
are  fine  grained  along  the  valley  axis.  These  units  along  with 
the  remaining  surficial  units  are  described  in  Table  13. 

Surface  slopes  and  depths  of  drainage  incision  vary  with  geo¬ 
logic  units,  both  generally  increasing  with  proximity  to  the 
mountain  fronts  (Table  13).  Maximum  observed  surface  slope 
was  three  percent  with  typical  slopes  of  less  than  one  percent. 
Drainages  are  typically  shallow  (less  than  10  ft;  3  m)  with 
gently  sloping  sides  except  near  mountainous  areas  and  in  the 
older  lacustrine  material. 


3.3  SUBSURFACE  CONDITIONS 

3.3.1  Soil  Profiles 

Silty  and  clayey  sands  and  gravels  are  the  predominant  surfi¬ 
cial  soils  which  are  typically  underlain  by  several  hundred 
feet  of  clay  and  silty  clay  deposits  throughout  much  of  the 
valley.  The  general  subsurface  conditions  are  illustrated  by 
two  representative  soil  profiles  shown  in  Figures  11  and  12. 
The  percentage  of  fines  generally  increases  towards  the  valley 
basin.  Cobbles  and  boulders  are  encountered  only  in  the  close 
proximity  of  mountain  fronts. 


3.3.2  Depth  to  Shallow  (<150  ft;  <46  m)  Rock  and  Water 

Figure  13  shows  portions  of  the  site  in  which  rock  and  water 
are  estimated  to  be  encountered  within  a  depth  of  150  feet 
(46m)  below  ground  surface.  Shallow  rock  exists  in  approxi¬ 
mately  five  percent  of  the  site  based  on  boring,  seismic, 
gravity,  geologic,  topographic,  and  other  available  data. 
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Ground  water  occurs  at  depths  of  less  than  150  feet  (46  m)  over 
approximately  45  percent  of  the  San  Simon  site.  However, 
extrapolation  of  known  data  indicates  shallow  ground  water  may 
be  encountered  over  an  additional  20  percent  of  the  site. 

3.3.3  Basin  Configuration 

Results  of  the  gravity  survey  were  used  to  define  the  basin 
configuration  (Figure  13) .  The  basin  appears  to  be  a  deep 
trough  which  has  been  uplifted  and  faulted  in  the  central  part 
of  the  valley  (Figure  14)  .  The  trough  is  ;'')proximately 
.  feet  deep  (3050m)  in  the  northern  portion  and  7000  feet 

deep  (2130  m)  in  the  southern  portion.  Steep  gradients  on  both 
sides  of  the  valley  indicate  that  the  basin  is  fault  controlled. 
A  section  through  the  central  portion  of  the  valley  perpendi¬ 
cular  to  the  valley  axis  shows  a  horst-graben  structure  with  a 
maximum  depth  of  about  4500  feet  (1377  m)  in  the  graben.  This 
structure  is  located  in  the  uplifted  area  in  the  south-central 
portion  of  the  trough.  The  subsurface  basin  configuration  is 
illustrated  in  Figure  14. 

3.4  GEOPHYSICAL  PROPERTIES 

Results  of  the  shallow  seismic  refraction  and  electrical  conduc¬ 
tivity  surveys  are  shown  in  Tables  14  and  15.  Observed  seismic 
velocities  ranged  from  1000  to  6330  fps  (305  mps  to  1930  mps) . 
Surface  layer  velocities  ranged  from  1000  to  1440  fps  (305  mps 
to  439  mps).  This  layer  is  25  feet  (8  m)  thick,  although  it  is 
typically  about  5  feet  (1.5  ra)  thick  at  other  locations.  Low 
velocity  (<2000  fps;  610  mps)  layers  at  SS-S-6  and  9  extend  to 


FN-TR-26C 


APPROXIMATE 

ELEVATION 

inn  -T  4000 


SEA  LEVEL  0 


r.^  >  ■-•  CT' 
7 


NOTES: 

I  The  cross  section  is  generally  representative  of 
subsurface  conditions  within  the  band  shown  on  the 
location  map.  Due  to  the  limited  density  of  available 
data  and  the  sparseness  of  nev'y  acquired  data,  the 
subsurface  conditions  are  highly  interpretive. 

2.  For  a  detailed  description  of  geologic  units 
see  Table  A-l 


- Undifferentiated  basin-fill  deposits 

Predominantly  alluvial  (A5)  deposits,  with  eolian  (I 
and  stream  terrace  (A2)  deposits 


Older  lacustrine  (A4o)  deposits 


Undifferentiated  older  basin-fill  deposits 


Undifferentiated  igneous  and  metamorphic  rock 

— ?—  Approximate  geologic  contact,  queried  where  inferred 
w  Fault,  dashed  where  inferred  from  gravity  interpretati 


GENERA 


APPROXIMATE 

ELEVATION 


4000  -1  , 


3000  H 


h  800 


2000  -\ 


1000  -\ 


1200 


h  400 


SEA  LEVEL 


Horizontal  Scale:  \"=s  2  Miles  (3  km) 
Vertical  Scale:  I"  =  1000*  (305  m) 
Vertical  Exaggeration:  10. 5X 


HORIZONTAL  SCALE 


STATOTE  MILES  0 

h 


KILOMETERS  0 


2  4 


4  6 


GENERALIZED  GEOLOGIC  CROSS  SECTION 
SAN  SIMON  VALLEY.  ARIZONA 
HIGHLANDS  CSP 

- 1 


2  15 


ACTIVITY 

LOCATION* 


AVERAGE 
CONDUCTIVITY 
(mhos  m)** 


R-l 
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depths  of  40  feet  (12  m) .  Average  conductivities  for  the  upper 
50  feet  (15  m)  of  soil  are  between  0.011  and  0.129  mhos/m. 

3.5  ENGINEERING  PROPERTIES 

Laboratory  tests  were  performed  to  determine  the  engineering 
properties  of  soil  samples  obtained  from  the  various  geologic 
units.  The  testing  program  consisted  of  classification,  con¬ 
solidation,  shear  strength,  compaction,  CBR  and  chemical.  The 
range  of  engineering  and  geophysical  properties  of  predominant 
geologic  units  is  presented  in  Table  16. 

Younger  and  intermediate  alluvial  fan  deposits  could  not  be 
differentiated  at  depth,  and  they  were  combined  into  one  unit 
(A5)  due  to  their  similar  grain  size  and  engineering  properties. 
These  deposits  consist  predominantly  of  dense  to  very  dense, 
silty  and  clayey  sands,  and  gravels  which  are  only  slightly 
compressible  and  have  high  shear  strengths. 

Older  lacustrine  deposits  were  generally  encountered  at  depths 
below  alluvial  fan  deposits.  These  deposits  are  predominantly 
stiff  to  very  stiff  clays  and  silty  clays  near  the  valley 
interiors  and  coarse  sandy  gravels  along  the  periphery.  Clays 
and  silty  clays  are  expansive  when  saturated,  only  slighty  com¬ 
pressible  and  have  high  shear  strengths.  Gravels  are  generally 
coarse  to  very  coarse  and  mixed  with  cobbles  and  boulders  which 
are  relatively  incompressible  and  have  very  high  shear  strengths. 

The  gradation  ranges  of  the  geologic  units  are  shown  in 
Figure  15.  Table  17  shows  the  results  of  chemical  tests  on 
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Younger  and  intermediate  alluvial 
tan  deoosits  (A5i  and  A5v) 

Older  lacusti  me  depp.>’ 

UNIFIED  SOIL  CLASSIFICATION  SYMBOL(S) 

SM,  SC,  GM,  GC,  GP,  CL 

CL,  CH,  HL.  SVi  ’ 

GENERAL  PROPERTIES 

DRY  DENSITY  pcKkgin^) 

9D-I22  (1442-1954) 

85-117  (1362-18 

MDISTURE  CDNTENT  (’.) 

2-28 

2-30 

DEGREE  OF  SATURATION  (' ) 

25-85 

14-90 

SPECIFIC  GRAVITY 

2.63-2.70 

2  63-2  68 

DEGREE  OF  CEMENTATION 

None  to  moderate 

Weak  to  stronf 

COMPRESSIONAL  WAVE  VELOCITIES  fps(iiips) 

1000-4680  (305-1426) 

1050-2920  (320-81 

ELECTRICAL  CONDUCTIVITY  (mhos  m) 

DNA 

.005  -  . 191 

GRAIN  SIZE  DISTRIBUTION  (%) 

BOULDERS  >12  inchesOQcm) 

0-10 

0 

CDBBLES  3  to  12  inches(8to  30cm) 

0-25 

0-5 

GRAVEL 

0-55 

0-20 

SAND 

0-90 

0-88 

SILT  AND  CLAY 

10-97 

0-98 

PLASTICITY  DATA 

LIQUID  LIMIT 

19-72 

26-84 

PLASTICITY  INDEX 

NP-44 

NP-60 

COMPRESSIBILITY  DATA 

COMPRESSION  AT  4  ksf (I92kN/m2) 

D.8-2.3 

0  5-1  6 

SNELL  OR  COLLAPSE  UPON  SATURATION  (%) 

0. 2-I  .4(S*iel  1) 

0  3-1  2  (S' 

SHEAR  STRENGTH  DATA 

UNCONFINED  COMPRESSION  ksf(kN/m^) 

20-69  (96-330) 

3.6-34.4  (172-164 

CD  TRIAXIAL  COMPRESSION 

DNA 

c  =1-3  ksf(48-l44  kN  m  2  ) 

DIRECT  SHEAR  ksl(kHV) 

D.4-5.7  (l9-273> 

0.4-3. 7  (19-P: 

COMPACTION  AND  CBR  DATA 

MAXIMUM  DRY  DENSITY  pcf(kg  m^) 

II8-I35  (  1890-2162) 

1 15-126  (  1842-201 

OPTIMUM  MOISTURE  CONTENT  (T> 

9.8-12.5 

10.5-15.8 

CBR  AT  90%  RELATIVE  COMPACTION 

20-30 

6-9 

ON«=OATX  NOT  AVAILABLE  (INSUFFICIENT  OAJA  OR  TESTS  NOT  PERFORMED) 
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soil  samples  and  they  indicate  that  sulfate  attack  potential  of 
soil  on  concrete  is  generally  "negligible." 

Logs  of  three  representative  borings  and  trenches  are  shown 
in  Appendix  C.  Results  of  shear  strength  and  CBR  tests 
performed  on  soil  samples  from  the  site  and  a  summary  of  all 
the  laboratory  tests  performed  on  soil  samples  from  boring 
SS-B-1  are  also  included  in  Appendix  C. 
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4.0  DISCUSSION 

4.1  JORNADA  DEL  MUERTO  SITE 

Based  on  regional  geologic  information,  geotechnical  conditions 
of  the  Jornada  Del  Muerto  site  are  generally  representative  of 
approximately  95  percent  of  the  Rio  Grande  CSP  and  are  summa¬ 
rized  below; 

o  The  eolian  sheet  sand,  younger  alluvial  fan  deposits,  and 
intermediate  alluvial  fan  deposits  are  the  predominant 
surficial  geologic  units.  (Eolian  sheet  sand  is  the  most 
dominant) . 

o  Older  lacustrine  material  is  predominant  within  the  con¬ 
struction  zone  (150  ft;  46  m) . 
o  The  site  area  is  generally  a  structural  basin  bounded  by 
a  potentially  active  fault  on  the  east, 
o  The  terrain  slopes  gently  towards  closed  central  basin 
areas. 

4.2  SAN  SIMON  SITE 

Based  on  regional  geologic  information,  geotechnical  conditions 
of  the  San  Simon  site  are  generally  representative  of  approxi¬ 
mately  40  percent  of  the  Highlands  CSP  and  are  summarized  below. 

o  The  younger  alluvial  fan  deposits,  intermediate  alluvial 
fan  deposits  and  older  lacustrine  deposits  are  the  pre¬ 
dominant  surficial  geologic  units  (the  younger  alluvial 
fan  deposits  are  the  most  dominant) . 
o  The  site  area  is  generally  a  down-dropped  structural 
block  (graben)  bounded  by  potentially  active  faults, 
o  The  terrain  slopes  gently  towards  open  central  valleys. 


T 


‘i< 


kL.  IMC 


FN-TR-26C 


49 


5.0  CONSTRUCTION  CONSIDERATIONS 

In  this  section  geotechnical  factors  and  conditions  applicable 
to  construction  of  the  MX  system  are  discussed.  The  three 
basing  mode  concepts  presently  considered  are  vertical  shelter, 
in-line  hybrid  trench,  and  horizontal  shelter.  The  important 
geotechnical  factors  for  a  vertical  shelter  are  primary , secon¬ 
dary  and  interconnecting  roads,  excavation  of  shelters,  and 
drainage  crossings.  For  the  in-line  hybrid  trench,  important 
geotechnical  factors  are  excavation  and  backfill,  roads  (pri¬ 
mary,  secondary,  and  temporary),  drainage  crossings,  and 
aggregates  for  roads  and  concrete.  For  the  horizontal  shelter, 
roads  and  drainage  crossings  are  the  important  geotechnical 
factors.  A  summary  of  the  applicable  geotechnical  factors  is 
presented  in  the  following  paragraphs: 

o  Terrain  -  Surficial  slopes  are  typically  less  than 

one  percent,  requiring  little  preconstruction  grading  for 
roads  and  trenches.  Depths  of  drainage  incision  are 
generally  less  than  ten  feet  (3  m)  minimizing  the  need 
for  major  drainage  structures  for  roads  and  trenches. 
However,  in  the  northeastern  portion  of  San  Simon  Site 
depths  of  drainage  incision  are  ten  feet  (3  m)  or  greater 
requiring  major  drainage  structures. 

o  Roads  -  A  good  network  of  paved  and  unpaved  roads  exists 
at  the  Jornada  Site.  However,  no  regular  network  of 
paved  or  unpaved  roads  exists  at  the  San  Simon  site. 
Therefore,  a  network  of  new  roads  will  be  required. 
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Most  of  the  surficial  soils  at  both  the  sites  have  good 
to  excellent  subgrade  characteristics  when  compacted, 
resulting  in  economical  road  sections.  In  approximately 
25  percent  of  the  Jornada  site  the  surficial  soils  do  not 
have  good  support  characteristics  for  use  as  road  sub¬ 
grade,  thus  requiring  thicker,  more  costly  road  sections. 

o  Excavation  -  Most  of  the  subsurface  soils  are  dense, 
weakly  to  moderately  cemented,  and  possess  moderately 
high  shear  strength.  Except  in  areas  close  to  mountain 
fronts,  compressional  wave  velocities  range  from  1000  to 
6000  fps  (305  to  1830  mps)  up  to  depths  of  150  feet 
(46  m)  below  ground  surface,  indicating  good  excavat- 
ability..  The  soils  are  suitable  for  excavation  of; 
vertical  shelters  by  augers,  continuous  trenches  (cast- 
in-place  trench  construction)  by  an  MX  trencher,  and 
horizontal  shelters  using  conventional  equipment.  In 
approximately  20  percent  of  the  Jornada  site,  vertical 
walls  of  excavations  for  trenches  and  vertical  shelters 
may  be  unstable,  requiring  additional  expense  for  other 
excavation  techniques.  Approximately  five  percent  of 
the  area  of  the  two  sites  has  zones  of  concentrated 
cobbles  and  boulders  where  an  MX  trencher  will  not  be 
able  to  excavate  a  trench  suitable  for  cast- in-place 
construction. 

Depth  to  rock  is  greater  than  150  feet  (46  m)  over  a 
major  portion  of  the  sites,  therefore,  additional 
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expense  for  excavation  of  vertical  shelters  is  minimal. 
Depth  to  ground  water  is  less  than  150  feet  (46  m)  in 
approximately  30  and  65  percent  of  Jornada  and  San  Simon 
sites,  respectively.  In  areas  where  the  depth  to  ground 
water  is  less  than  120  feet  (37  m) ,  additional  costs  for 
excavation  of  vertical  shelters  can  be  expected. 

o  Backfill  -  Subsurface  soils  are  generally  suitable  for 
backfill  and  compaction  in  trench  excavations.  Backfill 
will  have  to  be  imported  from  within  the  sites  for  areas 
of  concentrated  cobbles  and  boulders. 

o  Aggregates  and  Water  -  Sufficient  quantities  of  aggre¬ 
gates  and  water  required  for  roads  and  concrete  of  all 
basing  modes  are  available  within  and/or  adjacent  to  the 
sites,  thus  minimizing  haul  costs. 
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6.0  CONCLUSIONS 

In  summary,  Jornada  del  Muerto  and  San  Simon  sites  present 
favorable  geotechnical  conditions  for  deployment  of  any  of  the 
three  present  MX  basing  mode  concepts.  For  the  vertical  shel¬ 
ter  basing  mode,  cost  of  excavation  for  vertical  shelters  will 
be  high  in  many  areas  due  to  the  presence  of  ground  water 
within  the  construction  zone.  As  an  alternative,  areas  with 
ground  water  in  the  construction  zone  can  be  excluded  for  the 
vertical  shelter  mode.  Geotechnical  conditions  from  the 
Jornada  and  San  Simon  sites  can  be  extrapolated  to  approximately 
95  and  40  percent  of  the  Rio  Grande  and  Highlands  CSPs,  respec- 
ively. 
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GLOSSARY  OF  TERMS 


ACTIVITY  NUMBER  -  A  designation  composed  of  the  valley 

abbreviation  followed  by  the  activity  type  and  a  unique 
number;  may  also  be  used  to  designate  a  particular 
location  in  a  valley. 

AEROMAGNETIC  DATA  -  Magnetometer  observations  made  from  an 
airplane. 

ALLUVIAL  BASIN  -  A  lowland  area,  generally  between  uplifted 
mountain  blocks,  filled  with  alluvial  deposits. 

ALLUVIAL  FAN  -  A  low,  outspread,  relatively  flat  to  gently 
sloping  mass  of  alluvium,  shaped  like  an  open  fan  or  a 
segment  of  a  cone,  deposited  by  a  stream  (especially  in 
a  semiarid  region)  at  the  place  where  it  issues  from  a 
narrow  mountain  valley  upon  a  plain  or  broad  valley. 

It  is  steepest  near  the  mouth  of  the  valley  where  its 
apex  points  upstream,  and  it  slopes  gently  and  convexly 
outward  with  gradually  decreasing  gradient. 

ALLUVIAL  FAN  DEPOSITS  -  Alluvium  deposited  by  a  stream  or 
other  body  of  running  water  as  a  sorted  or  semisorted 
sediment  in  the  form  of  a  cone  or  fan  at  the  base  of  a 
mountain  slope. 

ALLUVIAL  PLAIN  -  A  level  or  gently  sloping  tract  or  a  slightly 
undulating  land  surface  produced  by  extensive  deposition 
of  alluvium,  usually  adjacent  to  a  river  that  periodically 
overflows  its  banks;  it  may  be  situated  on  a  flood 
plain,  a  delta,  or  an  alluvial  fan. 

ALLUVIUM  -  A  general  term  for  unconsolidated  clay,  silt,  sand, 
gravel,  and  boulders  deposited  during  relatively  recent 
geologic  time  by  a  stream  or  other  body  of  running  water 
as  a  sorted  or  semisorted  sediment  in  the  bed  of  a  stream 
or  on  its  flood  plain  or  delta,  or  as  a  cone  or  fan  at 
the  base  of  a  mountain  slope. 

ANOMALY  -  1)  A  deviation  from  uniformity  in  physical  properties; 
especially  a  deviation  from  uniformity  in  physical  proper¬ 
ties  of  exploration  interest.  2)  A  portion  of  a  geophys¬ 
ical  survey  which  is  different  in  appearance  from  the  survey 
in  general. 

AQUIFER  -  A  permeable  saturated  zone  below  the  earth's  surface 
capable  of  conducting  and  yielding  water  as  to  a  well. 
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GLOSSARY  OF  TERMS  (Cont.) 


ARKOSIC  SANDSTONE  -  A  sandstone  with  considerable  feldspar,  such 
as  one  containing  minerals  from  coarse-grained  quartzo- 
feldspathic  rocks  (granites,  g ranod ior i tes ,  medium  or 
high-grade  schists)  or  from  older,  highly  feldspathic 
sedimentary  rocks;  specifically  a  sandstone  containing 
more  than  25%  feldspar  and  less  than  20%  matrix  material 
of  clay,  sericite,  and  chlorite. 

ARRIVAL  -  An  event;  the  appearance  of  seismic  energy  on  a 

seismic  record;  a  line-up  of  coherent  energy  signifying 
the  arrival  of  a  new  wave  train. 

ATTERBERG  LIMITS  -  A  general  term  applied  to  the  various 

tests  used  to  determine  the  various  states  of  consistency 
of  fine  grained  soils.  The  four  states  of  consistency 
are  solid,  semisolid,  plastic,  and  liquid. 

Liquid  limit  (LL)  -  The  water  content  corresponding  to  the 
arbitrary  limit  between  the  liquid  and  plastic  states 
of  consistency  of  a  soil  (ASTM  D423-66) . 

Plastic  limit  (PL)  -  The  water  content  corresponding  to 
an  arbitrary  limit  between  the  plastic  and  the  semisolid 
states  of  consistency  of  a  soil  (ASTM  D424-59) . 

Plasticity  index  (PI)  -  Numerical  difference  between  the 
liquid  limit  and  the  plastic  limit. 

BASIN-FILL  MATERIAL/BASIN-FILL  DEPOSITS  -  Heterogenous  detri- 
tal  material  deposited  in  a  sedimentary  basin. 

BEDROCK  -  Rock  with  a  seismic  p-wave  velocity  of  7000  ft  (2333  m) 
per  second  or  more. 

BOUGUER  ANOMALY  -  The  residual  value  obtained  after  latitude, 
elevation  and  terrain  corrections  have  been  applied  to 
gravity  data. 

BOULDER  FIELD  -  Five  or  more  rocks,  each  with  diameters  of  6  ft 
or  more  occurring  within  an  acre. 

BULK  SAMPLE  -  A  disturbed  soil  sample  (bag  sample)  obtained 

from  cuttings  brought  to  the  ground  surface  by  a  drill  rig 
auger  or  obtained  from  the  walls  of  a  trench  excavation. 

c  -  Cohesion  (Shear  strength  of  a  soil  not  related  to  inter¬ 
particle  friction) . 

CALICHE  -  Gravel,  sand  or  other  material  cemented  principally 
by  calcium  carbonate. 
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GLOSSARY  OF  TERMS  (Cont.) 


CALIFORNIA  BEARING  RATIO  (CBR)  -  A  test  performed  on  a 

specifically  prepared  soil  sample  which  is  useful  in 
the  design  of  road  pavement  to  be  supported  by  the  soil 
tested  (ASTM  D1833-73) .  The  load  is  applied  on  the 
penetration  piston  which  is  penetrated  into  the  soil 
sample  at  a  constant  penetration  rate.  The  bearing 
ratio  reported  for  the  soil  is  normally  the  one  at  0.1 
inches  (2.5  mm)  penetration. 

CANDIDATE  -  One  of  some  group  of  regions,  areas  or  sites 
being  considered  for  MX  deployment.  Removal  of 
candidate  from  a  specifically  named  region,  area 
or  site  term  indicates  selection  by  SAMSO/MNND. 

CANDIDATE  DEPLOYMENT  AREA  (CDA)  -  An  area  encompassing 
between  500  and  1000  square  nautical  miles  of 
potentially  suitable  land  with  either  naturally  or 
artificially  defined  boundaries  designated  for 
convenience  of  study,  discussion  and  data  depiction. 

The  candidate  deployment  area  could  be  composed  of 
two  to  four  parcels  and  should  have  a  specific 
place  name  description. 

CANDIDATE  DEPLOYMENT  PARCEL  (CDP)  -  An  area  of  150  to 

500  square  nautical  miles  potentially  suitable  for  MX 
siting  which,  when  aggregated  with  others,  forms  a 
Candidate  Deployment  Area.  Each  parcel  should  have  a 
specific  geographic  description.  (In  the  Basin  and  Range 
Physiographic  province  a  parcel  may  correspond  to  a 
geographic  valley  and  in  Texas  to  some  ag r i-economi c 
unit. ) 

CANDIDATE  DEPLOYMENT  SITE  (CDS)  -  A  non-specific  (i.e.  not 
finally  approved)  site  proposed  for  some  element  of 
the  MX  system  within  a  chosen  deployment  area  (i.e. 
trench  or  shelter  site) . 

CANDIDATE  SITING  PROVINCE  (CSP)  -  An  area  potentially 

suitable  for  deployment  of  the  MX  system  generally 
encompassing  more  than  6000  square  nautical  miles 
which,  in  a  broad  sense,  is  homogeneous  with  respect 
to  most  of  the  important  characteristics  governing 
siting  of  a  total  MX  system. 

CANDIDATE  SITING  REGION  (CSR)  -  Potentially  suitable  area 

between  4000  and  6000  square  nautical  miles  within  one, 
or  encompassing  portions  of  more  than  one,  candidate 
siting  province  which  allows  for  full  MX  deployment. 


A- 4 


GLOSSARY  OF  TERMS 


(Cont . ) 


CAPABLE  (fault)  -  Movement  a 
once  in  the  past  35,000 
the  past  500,000  years. 


t  or  near  the  surface  at  least 
years,  and/or  more  than  once  in 
(Nuclear  Regulatory  Commission) . 


CAPROCK  -  A  resistant,  moderately  to  strongly  cemented 
caliche  layer  forming  a  "cap"  over  less  resistant 
layers. 

CD  TRIAXIAL  SHEAR-A  type  of  test  to  measure  the  shear  strength 
of  an  undisturbed  soil  sample 

CLOSED  BASIN  -  A  catchment  area  draining  to  some  depression  or 
lake  within  its  area,  from  which  water  escapes  only  by 
evaporation. 

COARSE-GRAINED  -  A  term  which  applies  to  a  soil  of  which  more 
than  one-half  of  the  soil  particles,  by  weight,  are  large 
than  0.075  mm  in  diameter  (passing  the  No.  200  U.S.  size) 


COARSER-GRAINED  -  A  term  applied  to  alluvial  fan  deposits 

which  are  predominantly  composed  of  material  larger  than 
3  inches  (76  mm)  in  diameter. 


COLLUVIAL  DEPOSITS  -  A  general  term  applied  to  any  loose, 
heterogenous,  and  incoherent  mass  of  soil  material  or 
rock  fragments  deposited  chiefly  by  dislodgement  and 
downslope  transport  of  the  material  under  the  direct 
application  of  gravitational  body  stresses.  Material 
is  usually  found  at  the  base  of  a  steep  slope  or 
cliff. 

COMPACTION  TEST  -  A  type  of  test  to  determine  the  relation¬ 
ship  between  the  moisture  content  and  density  of  a  soil 
sample  which  is  prepared  in  compacted  layers  at  various 
water  contents  (ASTM  D1557-70). 

COMPRESSIBI LITY-Property  of  a  soil  pertaining  to  its  suscept¬ 
ibility  to  decrease  in  volume  when  subjected  to  load. 

COMPRESSIONAL  WAVE  -An  elastic  body  wave  in  which  particle 
motion  is  in  the  direction  of  propagation;  the  type  of 
seismic  wave  assumed  in  conventional  seismic  exploration. 
Also  called  P-wave ,  dilatational  wave,  and  longitudinal 
wave. 

CONSOLIDATION  TEST  -  A  type  of  test  to  determine  the  compres¬ 
sibility  of  a  soil  sample.  The  sample  is  enclosed  in 
the  consol idometer  which  is  then  placed  in  the  loading 
device.  The  load  is  applied  in  increments  at  certain 
time  intervals  and  the  change  in  thickness  is  recorded. 
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GLOSSARY  OF  TERMS  (Cont.) 


CONTERMINOUS  UNITED  STATES  -  The  contiguous  48  states. 

CORE  SAMPLE  -  A  cylindrical  sample  obtained  with  a  rotating 
core  barrel  with  a  cutting  bit  at  its  lower  end.  Core 
samples  are  obtained  from  indurated  deposits  and  in  rock. 

DEBRIS  FLOW  -  A  high-density  flow  of  mud  containing  abundant 
coarse-grained  materials  (boulders,  cobbles,  gravel, 
sand)  that  frequently  result  from  an  unusually  heavy 
rain. 

DEGREE  OF  SATURATION  -  Ratio  of  volume  of  water  in  soil  to  total 
volume  of  voids. 

DETECTOR  -  See  GEOPHONE. 

DIRECT  SHEAR  TEST  -  A  type  of  test  to  measure  the  shear  strength 
of  a  soil  sample  where  the  sample  is  forced  to  fail  on  a 
predetermined  plane. 

DISSECTION/DISSECTED  (alluvial  fans)  -  The  cutting  of  stream 
channels  into  the  surface  of  an  alluvial  fan  by  the  move¬ 
ment  (or  flow)  of  water. 

DISTAL  -  That  portion  of  an  alluvial  deposit  farthest  from  its 
point  of  origin. 

DRY  UNIT  WEIGHT/DRY  DENSITY  -  Weight  per  unit  volume  of  the 
solid  particJes  in  a  soil  mass. 

ELECTRICAL  CONDUCTIVITY  -  Ability  of  a  material  to  conduct 
electrical  current 

ELECTRICAL  RESISTIVITY  -  Property  of  a  material  which  resists 
flow  of  electrical  current 

ENTRENCH  -  The  process  whereby  a  stream  erodes  downward  to  form 
a  trench. 

EOLIAN  -  A  term  applied  to  materials  which  are  deposited  by 
wind. 

EPHEMERAL(3tream)  -  A  stream  in  which  water  flow  is  discontinuous 
and  of  short  duration. 

EXTERNAL  DRAINAGE  -  Stream  drainage  system  whose  downgradient 
flow  is  unrestricted  by  any  topographic  impediments. 

EXTRUSIVE  (rock)  -  Igneous  rock  that  has  been  ejected  onto  the 
earth's  surface  (e.g.,  lava,  basalt,  rhyolite,  andesite; 
detrital  material,  volcanic  tuff,  pumice). 
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GLOSSARY  OF  TERMS  (Cont.) 


FAULT  -  A  plane  or  zone  of  rock  fracture  along  which  there 
has  been  displacement. 

FAULT  BLOCK  MOUNTAINS  -  Mountains  that  are  formed  by  normal 
faulting  in  which  the  surface  crust  is  divided  into 
structural,  partially  to  entirely  fault-bounded  blocks  of 
different  elevations. 

FINE-GRAINED  -  A  term  which  applies  to  a  soil  of  which  more 
than  one-half  of  the  soil  particles,  by  weight,  are 
smaller  than  0.075  mm  in  diameter  (passing  the  No. 

200  U.S.  size  sieve). 

FINER-GRAINED  -  A  term  applied  to  alluvial  fan  deposits, 

which  are  composed  predominantly  of  material  less  than 
3  inches  (76  mm) . 

FLOODING/LOW  ENERGY  FLOW  -  Flood  waters  flowing  on  a  slope 
of  low  gradient. 

FLUVIAL  DEPOSITS  -  Material  produced  by  river  action; 
generally  loose,  moderately  well-graded  sands  and 
gravel . 

FORMATION  -  A  mappable  assemblage  of  rocks  characterized  by 
some  degree  of  homogeneity  or  distinctiveness 


FREE  AIR  ANOMALY  -  Gravity  data  which  have  been  corrected  for 
latitude  and  elevation  (free  air  correction)  but  not  for 
the  density  of  rock  between  the  datum  and  the  plane  of 
measurement  (Bouguer  correction). 


FUGRO  DRIVE  SAMPLE  -  A  2.50  inch  (6.4  cm)  diameter  soil 

sample  obtained  from  a  drill  hole  with  a  Fugro  Drive 
Sampler.  The  Fugro  drive  sampler  is  a  ring-lined  barrel 
sampler  containing  12  one-inch  (2.54  cm)  long  brass  sample 
rings.  The  sampler  is  advanced  into  the  soil  using  a 
drop-hammer. 


GAMMA  -  A 
10-5 
10-5 


unit  of  magnetic-field  intensity.  A  gamma  is 
oersteds;  sometimes  expressed  (incorrectly)  as 
gauss  with  which  it  is  numerically  equal. 


GEOMORPHOLOGY  -  The  study,  classification,  description, 

nature,  origin,  and  development  of  present  landforms 
and  their  relationships  to  underlying  structures,  and 
of  the  history  of  geologic  changes  as  recorded  by  these 
surface  features. 

GEOPHONE  -  The  instrument  used  to  transform  seismic  energy 

into  electrical  voltage;  a  seismometer ,  j  ug ,  or  pick-up. 
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GLOSSARY  OF  TERMS  (Cont.) 


GRAIN-SIZE  ANALYSIS  (GRADATION)  -  A  type  of  test  to  determine 
the  distribution  of  soil  particle  sizes  in  a  given  soil 
sample.  The  distribution  of  particle  sizes  larger  than 
0.075mm  (retained  on  the  No.  200  sieve)  is  determined 
by  sieving,  while  the  distribution  of  the  particle 
sizes  smaller  than  0.075  mm  is  determined  by  a  sedimenta¬ 
tion  process,  using  a  hydrometer. 

GRAVEL  -  Particles  of  rock  that  pass  a  3-in.  (76.2  mm)  sieve 
and  retained  on  a  No.  4(4.75  mmO  sieve 

GRAVITY  -  The  force  of  attraction  between  bodies  because  of 
their  mass.  Usually  measured  as  the  acceleration  of 
gravi ty . 

GRAVITY  GRADIENT  -  The  partial  derivative  of  the  acceleration 
of  gravity  with  respect  to  distance  in  a  particular 
direction,  for  which  purpose  the  acceleration  of  gravity 
is  considered  as  a  scalar. 

INTERIOR  DRAINAGE  -  Stream  drainage  system  that  flows  into  a 
closed  topographic  low  (basin) . 

INTRUSIVE  (rock)  -  A  rock  formed  by  the  process  of  emplace¬ 
ment  of  magma  (liquid  rock)  in  pre-existing  rock. 

(e.g.  granite,  g ranodiori te ,  quartz  monzonite) . 

LACUSTRINE  DEPOSITS  -  Materials  deposited  in  lake  environment. 

LINE  -  A  linear  array  of  observation  points,  such  as  a  seismic 
line. 

LIQUID  LIMIT  -  See  ATTERBERG  LIMITS. 

LOESS  -  A  wind  blown  deposit  predominantly  silt  or  silty  clay 
or  clayey  silt. 

LOW  ENERGY  FLOW  -  See  FLOODING. 

MAGNETIC  INTENSITY  -  A  vector  quantity  measuring  magnetic 
field  strength.  The  unit  of  magnetic  intensity  com¬ 
monly  used  in  geophysical  exploration  is  the  gamma  (see 
GAMMA)  . 

MANTLED  PLAYA  -  A  playa  surface  or  a  portion  of  the  surface 
that  is  covered  with  younger  geologic  material  such 
as  windblown  sand,  or  alluvium. 

MILLIGAL  -  A  unit  of  acceleration  used  with  gravity 
ments;  i  milligal  =  10“^  m/sec. 2.  Abbreviated 
mga  1 . 


measur  e- 
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MOISTURE  CONTENT  -  The  ratio,  expressed  as  a  percentage,  of 
the  weight  of  water  contained  in  a  soil  sample  to  the 
oven-dry  weight  of  the  sample. 

N  VALUE  -  Penetration  resistance,  number  of  blows  required 
to  drive  the  standard  split  spoon  sampler  for  the 
second  and  third  six  inches  (0.15  m)  with  a  140  pound 
(63.5  kg)  hammer  falling  30  inches  (0.76  m)  (ASTM 
D1586-67) . 

OPTIMUM  MOISTURE  CONTENT  -  Moisture  content  at  which  a  soil  can 

be  compacted  to  a  maximum  dry  unit  weight  by  a  given  compactive 
ef  fo  rt 

OVERBANK  FLOODING  -  A  large  flow  of  water  that  overflows 
the  sides  of  A  stream  channel. 

0  -  Angle  of  internal  friction 

PATINA  -  A  dark  coating  or  thin  outer  layer  produced  on 

the  surface  of  a  rock  or  other  material  by  weathering 
after  long  exposure  (e.g.,  desert  varnish). 

PAVEMENT/DESERT  PAVEMENT  -  When  loosr  material  containing 

pebble-sized  or  larger  rocks  is  exposed  to  rainfall  and 
wind  action  the  finer  dust  and  sand  are  blown  or  washed 
away  and  the  pebbles  gradually  accumulate  on  the  surface, 
forming  a  mosaic  which  protects  the  underlying  finer 
material  from  wind  attack.  Pavement  can  also  develop 
in  finer-grained  materials.  In  this  case  the  armored 
ourface  is  formed  by  dissolution  and  cementation  of 
the  grains  involved. 

PEGAMATITE  DIKE  -  A  coarse  grained  igneous  rock  of  granitic 
composition  that  forms  as  a  tabular  intrusion  that  cuts 
across  the  planar  structures  of  the  surrounding  rock. 

P-WAVE  -  See  COMPRESSIONAL  WAVE. 

PERIMETER  SEISMIC  REFRACTION  SURVEY  -  Shallow  seismic  re¬ 
fraction  measurements  made  around  the  perimeter  of  a 
valley. 

PERMEABLE  -  The  ability  of  liquid  to  pass  through  soil 
and/or  rock  material. 

PICK-UP  -  See  GEOPHONE. 
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PITCHER  TUBE  SAMPLE  -  An  undisturbed,  2.87  inch  (73  mm) 

diameter  soil  sample  obtained  from  a  drill  hole  with  a 
Pitcher  tube  sampler.  The  primary  components  of  this 
sampler  are  an  outer  rotating  core  barrel  with  a  bit 
and  an  inner  stationary,  spring-loaded,  thin-wall 
sampling  tube  which  leads  or  trails  the  outer  barrel 
drilling  bit,  depending  upon  the  hardness  of  the 
material  being  penetrated. 

PLASTIC  LIMIT  -  See  ATTERBERG  LIMITS. 


PLASTICITY  INDEX  -  See  ATTERBERG  LIMITS. 


PLAYA/PLAYA  DEPOSITS  -  A  term  used  in  the  southwest  U.S.  for 
a  dried-up,  flat-floored  area  composed  of  thin,  evenly 
stratified  sheets  of  fine  clay,  silt,  or  sand,  and 
representing  the  lowest  part  of  a  shallow,  completely 
closed  or  undrained,  desert  lake  basin  in  which  water 
accumulates  and  is  quickly  evaporated,  usually  leaving 
deposits  of  soluble  salts. 

PONDING  (of  water)  -  The  accumulating  of  water  in  a  topographic 
depression. 

PRIME  -  Modifier  used  to  indicate  the  highest  ranking  province, 
region,  area,  or  site.  If  not  an  interdisciplinary 
ranking,  then  a  qualifier  should  be  used  such  as  "prime" 
geotechnical  candidate  siting  area". 

PROXIMAL  -  That  portion  of  an  alluvial  deposit  nearest  to  its 
point  of  origin. 

REGIONAL  -  The  general  attitude  or  configuration  disregarding 
features  smaller  than  a  given  size.  The  regional 
gravity  is  the  gravity  field  produced  by  large-scale 
variations  ignoring  anomalies  of  smaller  size.  See 
residualize. 


RELATIVE  AGE  -  The  relationship  in  age  (oldest  to  youngest) 

between  geologic  units  without  specific  regard  to  number 
of  years. 


RESIDUAL  -  What  is 
as  in  gravity 


left  after  a  regional 
or  magnetic  analysis. 


field  has  been  removed. 
See  RESIDUALIZE. 
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RESIDUALIZE  -  The  process  of  separating  a  graphically  depicted 

curve  or  a  surface  into  its  low-frequency  parts  (called  the 
regional)  and  its  high-frequency  parts  (called  the  residual) 
Residualizing  is  an  attempt  to  sort  out  of  the  total 
field  those  anomalies  which  result  from  local  structure; 
that  is,  to  fine  local  anomalies  by  subtracting  gross 
(regional)  effects. 

ROCK  UNITS  -  Distinct  rock  masses  with  different  characteristics 
(e.g.,  igneous,  metamorphic,  sedimentary). 

S-WAVE  -  See  SHEAR  WAVE. 

SAND  -  Soil  passing  through  No.  4(4.75  mm)  sieve  and  retained 
on  No.  200  (0.075  mm)  sieve 

SAND  DUNE  -  A  low  ridge  or  hill  consisting  of  loose  sand 
deposited  by  the  wind,  found  in  various  desert  and 
coastal  regions  and  generally  where  there  is  abundant 
surface  sand. 

SEISMIC  -  Having  to  do  with  elastic  waves.  Energy  may  be 
transmitted  through  the  body  of  an  elastic  solid  as 
P-waves  (compressional  waves)  or  S-waves ( shear  waves) . 

SEISMIC  REFRACTION  DATA:  deep/shallow  -  Data  derived  from  a 
type  of  seismic  shooting  based  on  the  measurement  of 
seismic  energy  as  a  function  of  time  after  the  shot  and 
of  distance  from  the  shot,  by  determining  the  arrival 
times  of  seismic  waves  which  have  travelled  nearly 
parallel  to  the  bedding  in  high-velocity  layers,  in 
order  to  map  the  depth  to  such  layers. 

SEISMOGRAM  -  A  seismic  record. 

SEISMOMETER  -  See  GEOPHONE. 


SHEAR  WAVE  -  A  body  wave  in  which  the  particle  motion  is 
perpendicular  to  the  direction  of  propagation.  Also 
called  S-Wave  or  transverse  wave. 


SHEET  FLOW  - 
a  thin. 


A  process  in  which  storm-borne  water  spreads  as 
continuous  veneer  (sheet)  over  a  large  area. 


SHEET  SAND  -  A  blanket  deposit  of  sand  which  accumulates  in 
shallow  depressions  or  against  rock  outcrops,  but  does 
not  have  characteristic  dune  form. 


SHOT  -  Any  source  of  seismic  energy;  e.g.,  the  detonation  of 
an  explosive. 
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SHOT  POINT  -  The  location  of  any  source  of  seismic  energy; 

e.g.,  the  location  where  an  explosive  charge  is  detonated 
in  one  hole  or  in  a  pattern  of  holes  to  generate  seismic 
energy.  Abbreviated  SP. 

SILT  AND  CLAY  -  Fine-grained  soil  passing  through  No.  200 
(0.075  mm)  sieve. 

SITE  -  Location  of  some  specific  activity  or  reference  point. 

The  term  should  always  be  modified  to  a  precise  meaning 
or  be  clearly  understood  from  the  context  of  the 
discussion. 

SPECIFIC  GRAVITY  -  The  ratio  of  the  weight  in  air  of  a 

given  volume  of  soil  solids  at  a  stated  temperature  to 
the  weight  in  air  of  an  equal  volume  of  distilled  water 
at  a  stated  temperature. 

SPLIT  SPOON  SAMPLE  -  A  disturbed  sample  obtained  with  a 
split  spoon  sampler  with  an  outside  diameter  of  2.0 
inches  (5.1  cm).  The  sample  consists  of  a  split  barrel 
which  is  driven  into  the  soil  using  a  drop-hammer. 

SPREAD  -  The  layout  of  geophone  groups  from  which  data 
from  a  single  shot  are  recorded  simultaneously. 

Spreads  containing  twenty-four  geophones  have  been 
used  in  Fugro's  seismic  refraction  surveys. 

STREAM  CHANNEL  DEPOSITS  -  Materials  (clay,  silt,  sand,  gravel, 
cobbles,  boulders)  which  have  been  deposited  in  a  stream 
channel . 

STREAM  TERRACE  DEPOSITS  -  Stream  channel  deposits  no  longer 
part  of  an  active  stream  system,  generally  loose, 
moderately  well  graded  sand  and  gravel. 

SURFICIAL  DEPOSIT  -  Unconsolidated  residual  and  alluvial 
deposits  occurring  on  or  near  the  earth's  surface. 

TRANSITORY  -  A  poorly  defined,  shallow  ephemeral  stream  across 

an  alluvial  fan  surface,  the  position  of  which  is  temporary 
and  tends  to  shift  frequently. 

UNCONFINED  COMPRESSION  -  A  type  of  test  to  measure  the 

compressive  strength  of  an  undisturbed  soil  sample. 

UNIFIED  SOIL  CLASSIFICATION  SYSTEM  (USCS)  -  A  system 

which  determines  soil  classification  on  the  basis  of 
grain-size  distribution  and  Atterberg  Limits.  (See 
page  A-i7) . 
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VALLEY  SEISMIC  REFRACTION  SURVEY  -  Deep  seismic  refraction 
measurements  made  near  the  middle  of  a  valley  to 
determine  seismic  wave  propagation  velocities  and 
thickness  of  basin  fill. 

VELOCITY  -  Refers  to  the  propagation  rate  of  a  seismic 

wave  without  implying  any  direction.  Velocity  is  a 
property  of  the  medium  and  not  a  vector  quantity  when 
used  in  this  sense. 

VELOCITY  LAYER  -  A  layer  of  rock  or  soil  with  a  homogenous 
seismic  velocity. 

VELOCITY  PROFILE  -  A  cross-section  showing  the  distribution 
of  material  seismic  velocities  as  a  function  of  depth 
and  its  configuration. 

WASH  SAMPLE  -  A  sample  obtained  by  screening  the  returned 
drilling  fluid  during  rotary  wash  drilling  to  obtain 
lithologic  information  between  samples. 

Definitions  were  derived  in  part  from  Webster's  New  Collegiate 

Dictionary  (1972  edition) ,  Glossary  of  Geology  (American 

Geological  Institute,  1972),  Encyclopedic  Dictionary  of 

Exploration  Geophysics  (Sheriff,  1973)  ,  and  1976  Annual  Book 

Book  of  ASTM  Standards. 
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QIAGNOSTIC  CARBONATE  MORPHOLOGY 


STAGE 

I 


GRAVELLY  SOILS 

Thin,  discontinuous  pebble  coatings 


NONGRAVELLY  SOILS 


Few  filaments  or  taint  coatings 


n 


Continuous  pebble  coatings,  some 
interpebble  fillings 


Few  to  abundant  nodules,  flakes, 
f i laments 


m 

n 


Many  interpebble  fillings 


Laminar  horizon  overlying  plugged 
horizon 


Many  nodules  and  internodular 
fillings 

Laminar  horizon  overlying  plugged 
horizon 


STAGE 


GRAVELLY  SOILS 


n 

Strong  Ca 


‘  vn  V  ^ 


NONGRAVELLY  SOILS  l\.XPI  U<**X*r^ 

I :  - 


Stages  of  development  of  a  caliche  profile  with  time.  Stage  ents  incipient  carbonate 

accumulation,  followed  by  continuous  build-up  of  carbonate  ui  Stage  IV,  the  soil  is 

completely  plugged. 
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Rftarinc*;  6Mi,L  H  Palirsan.t'  F  .  and  Grataman.R  S..I96S. 
Tha  K  Daritan;  A  inaatat  harizan  at  cardanata 
aecurnu  la  I  ion ;  Soil  Scianca.  «.  99.  p.  74-92 
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NON-ROCK  UNITS 


(1)  MX  (2) 

ARE  I  GEOLOGIC 
SYMBOLS  UNITS 


Au, 

Ast 


Au 


Aal 


Al 


At 


Non-rock  Deposits  (undifferentiated);  fine-  to  coarse-grained  materials 
deposited  by  alluvial,  fluvial,  eolian,  lacustrine,  gravity  or  glacial  processes. 


Fluvial  Deposits;  predominantly  composed  of  poorly-  to  well-graded  sand  and 
gravel  with  lesser  amounts  of  silt-  and  boulder-sized  material.  The  unit  pre¬ 
dominantly  consists  of  recent  water-laid  deposits  occupying  present  drainages 
and  flood  plains. 

Older  Fluvial  Deposits  (Alo)  are  generally  thicket,  more  extensive  units 
deposited  in  ancestral  fluvial  systems. 

Alluvial  Outwash  Deposits  (Alw)  consist  of  mixed,  geomorphical  ly  nondescript 
alluvial  and  fluvial  deposits  covering  large,  relatively  flat,  river  and  playa 
basins. 


A2 


Terrace  Deposits;  predo  1  ily  composed  of  moderately  to  well  graded,  clay-  to 
gravel-sized  material  ipally  elevated  terraces  bordering  modern  streams 
(A2s)  and  lakes  playas  (A,.  I  i. 


A3 


Eolian  Deposits;  pi edominant ly  composed  of  poorly  graded  sand-sized  material 
deposited  by  wind  action.  Deposits  may  consist  of  mixed  sand,  silt,  and  clay 
(A3u),  or  be  differentiated  on  the  basis  of  predominant  grain  size  and  landform. 

A3s  d  -  Predominantly  line  sand-sized  material  deposited  in  sheets  (A3s)  or 
dunes  (A3d). 

A3I  -  Loess  composed  predominantly  of  silt-sized  material  with  lesser  amounts 
of  clay  and  fine  sand. 

A3f  -  Predominantly  clay-sized  material  with  lesser  amounts  of  silt  and  fine 
sand. 


1 1  )  MX  ( 2  ) 

are  I  GEOLOGIC 
SYMBOLS  UNITS 


gr 


Showi 

rock 

type 

IGflEI 

part 

II 


Vu 


12 


Vb 


13 


14 


Su 


Psa,  Pm, 
Ph,  Cau, 
Ls.  Py, 
Par 


SEDIf 

some 

evapi 

St 

52 

53 


54 

55 


A4  Lacustrine.  Estuarine,  and  Playa  Deposits;  predominantly  composed  of  poorly 
graded  clay,  silt,  and  fine  sand  deposited  in  bodies  of  standing  water. 
DIder  lacustrine,  estuarine,  and  playa  deposits  (A4o)  are  thicker,  more 
extensive  units  occupying  ancestral  lake  basins. 
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Aaf  A5  Alluvial  Fan  Deposits;  predominantly  composed  of  well  graded  sand  and  gravel 
with  varying  amounts  of  silt-,  cobble-,  and  boulder-sized  material.  Deposited 
principally  by  distributary  channels  adjacent  to  mountain  fronts.  Relative 
ages  are  indicated  by  o  -  older,  i  -  intermediate,  or  y  -  younger. 

A6  Pediment,  Pediment  Deposits,  and  Areas  of  Shallow  Rock;  planated  bedrock  shelf 
or  near  surface  rock  generally  overlain  by  a  thin  mantle  of  sand-  to  boulder¬ 
sized  residual  or  alluvial  material. 

A7  Colluvial  Deposits;  predominantly  composed  of  moderately-  to  well-graded  sand 
and  gravel  with  varying  amounts  of  silt-,  cobble-,  and  boulder-sized  material. 
Deposited  locally  by  gravity  and  water  adjacent  to  steep  gradients. 
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NOTES:  (I)  ARE)  symbols  were  developed  for  use  n  the  Aggregate  Resources  Evaluation  Investigation 
(See  Section  S.1  and  Drawings  S.IA  through  5. 1C) 

]  (2)  MX  Beologic  units  were  used  for  Methodology,  Screening,  and  Characterization  studies. 


ROCK  UNITS 


0)  MX  (2) 

AREI  GEOLOGIC 
SYMBOLS  UNITS 

Shown  in  regions  where  rock  is  expos-  ;  "'e  areally  predominant  (greater . than  70  percent) 
rock  type  is  indicated.  In  those  .i>  s  *  eie  two  rock  types  occur  the  predominant  rock 
type  IS  shown  followed  by  the  subon:  a  lock  type  (e.g.  S2MP  I4T). 

I  IGNEOUS  (UNDIFFERENTIATED).  Rocks  foimed  by  solidification  of  a  molten  or 
partial  ly  molten  mass. 


gr 

11 

Intrusive  -  Typically  crystalline,  formed  by  the  solidification  of 
molten  material  below  the  surface  (e.g.,  granite,  syenite,  diorite). 

Vu 

12 

Extrusive  (undifferentiated).  Formed  by  solidification  of  molten 
material  at  or  near  the  surface. 

Vb 

13 

Extrusive  (flows).  Extrusive  rocks  formed  by  solidification  of  lava 
(e.g.  basalt,  dacite)  ;•  nenotes  young  basaltic  flows  which  may  be 
interbedded  with  basr  ■'  -materials. 

14 

Extrusive  (volcanic  l,r  •  Formed  by  accumulation,  welding  and  or 

cementation  of  deposits  1  volcanic  ejecta  (e.g.  tuft,  agglomerate, 

S  SEDIMENTARY  (UNDIFFERENTIATED)  Coarse-  to  fine-grained  materials  that  exhibit 
some  degree  of  cementation  and  were  deposited  by  water,  wind,  gravity,  or 
evaporation. 

SI  Sandstone.  Composed  predominantly  of  sand-sized  particles. 

-  S2  Limestone  and  Dolomite.  Composed  predominantly  of  carbonate  material. 

53  Shale.  Composed  predominantly  of  clay-  and  silt-sized  particles 
(e.g.  shale,  siltstone,  mudstone). 

54  Evaporites.  Sediments  deposited  from  solution  as  a  result  of  evaporation 
(e.g.  gypsum,  anhydrite,  halite). 

55  elastics.  Undifferentiated  deposits  composed  of  silt-  to  boulder-sized 
material.  May  be  angular  to  rounded. 


Su 


I 

Psa,  Pm, 
Ph,  Cau, 
Ls,  Py. 
Par 


Qtz, 

gn 


M  METAMDRPHIC  (UNDIFFERENTIATED).  Rocks  formed  through  alteration  of  igneous  or 
sedimentary  rock  material  by  pressure,  heat,  or  chemical  changes  below  the 
weathered  zone  (e.g.  gneiss,  schist,  slate,  marble,  quartzite). 

C  ROCK  COMPLEXES.  Indicated  where  no  areally  predominant  (greater  than  70 
percent)  rock  type  is  present. 


USEAGE 


Modifying  letter  (r)  indica'e'  oncentrations  of  resistant  secondary  carbonate 
(caliche),  silicious.  (errugiic.s  and  or  gypsiferous  material,  e.g.  A5ir. 

A3s  A5y  -  Mixed  non-rock  u-  \  .ost  areally  extensive  unit  is  listed  fust. 

A5y(A5i)  -  Parenthetic  unit  underlies  thin  veneer  of  overlying  mapped  unit. 

S5to  -  Established  formations  may  have  a  supple^eniai  letter  added  to 
distinguish  formal  designation  (e.g.  Tei'iaiy  Dgallala  Fm.). 

EXPLANATION  OF  GEOLOGIC  UNITS 
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UNCLASSIFIED  FN-TR-26C  ,  mi 


I  V 


TH-:6e 


SANDY  CLAY,  brown,  hard,  mediuni 
plastic,  calcareous. 


SAMPLE  TYPES  BORING  DETAILS 


calcareous,  trace  sand 
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SANDY  CLAY,  raddith  braan,  tli|hlly  plastic. 
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ealearasus.  traea  (raval  ta  3**  (T.Bcb), 
aeeaaianal  eabblat  to  6”  (1S.2cb)  aad  bauldart 
to  12**  OO.ScN). 
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SANDY  SRAVEL,  rod-bro«n.  lino  to  eoarto,  ooli 
ftadad,  sobonRulor  to  subroundod,  eolearoous, 
littia  clay,  staga  S  eaiieha  layar  (15.8-16.8*), 
oabblas  to  6**  (15  2cb). 
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Total  Oaptb  16.5’  (5.0b) 

Stability  of  Vortical  fallt: 

Stabla 

1 

20- 

1 

1 

22 

TRENCH  DETAILS 
SURFACE  ELEVATION 
DATE  EXCAVATED 
SURFACE  GEOLOGIC  UNIT 
TRENCH  LENGTH 
TRENCH  ORIENTATION 


5280*  (leoan) 
*3  Auiutl  1977 
A1/A5i 
90’  (IS  Out) 

£■ 


LOG  OF  TRENCH  JM-T-2 
JORNAOA  DEL  MUERTO,  NEW  MEXICO 
RIO  GRANDE  CSP 


MI  SITING  INVESTIGATION 
OEPARTMENT  OF  THE  AIR  FORCE  - 


SAMSO 


FI CUAC 

B-4 


f  1  Li* 


BULK  SAUPLE 


SOIL  DESCRIPTION 


SANDT  SILT,  vhit*  to  broan,  tlifhtly  plitlie, 
ealeaiboat.  thin  Inyars  of  broan.  tliihtly 
plaatie  clay  aith  lypaua  eryatala:  atafc  1 
ealleha  (I.S-tl.S*). 


Oanaa 

CLAYEY  SAND,  broan,  lino  to  coarao,  angular  to 
SC  subangular,  traco  gravol,  gyptua  throughout. 


SANDY  CLAY,  broan.  slightly  plastic,  gypsua 
crystals  throughout. 


Total  Dopth  ID.O*  (5.5a) 
Stability  ol  Vortical  Valla: 
Stable 


ItilBlBIDlDII 


23  77  NP 


51  42  NP 


38  62  34  II 


I  32  67  33  10 


TRENCH  DETAILS 

SURFACE  ELEVATION 
DATE  EXCAVATED 
SURFACE  OEOLOGIC  UNIT 
TRENCH  LENGTH 
TRENCH  ORIENTATION 


4880'  (14260) 
5  August  1977 
A5y 

50*  (15.2a) 

EV 


LOG  OF  TRENCH  JM-T-4 
JORNAOA  DEL  MUERTO,  NEW  MEXICO 
_ RIO  GRANDE  CSP _ 

MX  SITING  INVESTIGATION 
DEPARTMENT  OF  THE  AIR  FORCE  -  3AMSC  O” 
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SOIL  DESCRIPTION 


SILTY  SAND,  braan.  fin*  ta  aadluii,  poorly 
gradod.  tubroundad  to  oubangular.  cal- 
caraout.  ataga  X  calicha  (S-tO*), 
traea  graaal  (10-13* ). 


HadUa  SAND,  bfoan,  (ina  la  coaita.  poorly  giadad. 
dansa  subangular  to  subroundad,  calcareous,  trace 
silt  (13-17*). 


Total  Depth  18.5’  (S.Ba) 

Stability  oi  Vertical  Dalis: 

Unstable  0-S*  (0-1. Sa) 
Stable  5-10*  (1.5-3. On) 
Unstable  10-16.5’  (3. 0-5. 6a) 


|Qj]Q3Q||QQ|l 


69  31  NP 


1  00  19  NP 


10  75  IS  NP 


3  91  7 


2  94|  4 


TRENCH  DETAILS 

SURFACE  ELEVATION 
DATE  EXCAVATED 


4748'  (1447m) 
2  August  1977 


SURFACE  GEOLOGIC  UNIT  :  A3s 


TRENCH  LENGTH 
TRENCH  ORIENTATION 


40’  (12. 2m) 
N30‘’E 


LOG  OF  TRENCH  JM-T-14 
JORNADA  DEL  MUER70.  NEW  MEXICO 
_ RIO  GRANDE  CSP 

UX  SITING  iNyfSl ICATION 
DEPARTMENT  OF  THE  AIR  FORCE  -  SAMSO 


IGRO  NATIOM  AL,  INC. 


PEOCENT  FINER  BY  WEIGHT 


STANDARD  SIEVE  OPENING 


U  S  STANDARD  SIEVE  NO 


SAND 


SIZE 


SILT  OR 


200  .00^ 


NOTES; 

(a)  Sa«ple  types 


(c)  uses  -  Unified  Soil  Classification  System 


SS  -  Standard  split  spoon 
P  -  Pitcher 
0  •  Fugro  Drive 
B  -  Bulk 

(b)  NP  >  Not  Plastic 


•  Indicates  that  test  has  been  performed 
and  results  are  included  in  this  report. 
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SUMMARY  OF  TR I  AXIAL  SHEAR  TEST  RESULTS 
JORNADA  DEL  MUERTO.  NEW  MEXICO 
RIO  GRANDE  CSP 
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PERCENTAGE  OF  MAXIMUM  DRY  DENSITY 
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A 

SC-SM  1 
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B 

W 

C 

KB 

CALIFORNIA  BEARING  RATIO 
(CBR)  CURVES 

JORNADA  DEL  MUERTO,  NEW  MEXICO.  RIO  GRANDE  CSP 

MX  SITING  INVESTIGATION 

department  of  The  air  force  SAMSO 

rrr"»^ 

PERCENT 


FN-TR-26C 


SILT  OR  CLAY 


10.0  S.0  1.0  O.S  0.1  .05 

GRAIN  SIZE  IN  MILLIMETER 


.01  .005 


COMPOSITE  Toruru 
SYMBOL  SAMPLE 


SAMPLE  INTERVAL 


NUMBER 


C 


NUMBER 

IM-T-7 

JM-T-12 

JM-T-14 


METERS 
0.0  -  5.! 


120  -  IBP 


GRAIN  SIZE  CURVES.  CBR  TESTS 
JORNADA  DEL  MUERTO,  NEW  MEXICO 
_ RIO  GRANDE  CSP _ 

M»  SUING  INVESIIGHION  H6u«t 

0EP»B1MENI  OE  The  air  FORCE  SAMSO 
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LOG  OF  BORING  SS-B-1 
SAN  SIMON  VALLEY.  ARIZONA 
_ _ HIGHLANDS  CSP 

MX  SITING  INVESTIGATION  I 

department  of  the  air  force  SAMSO 


F I  SUAE 

C-1 


•  -  MOISTURE  CONTENT  (ASTM:  0-2216-71) 
NR-  NO  RECOVERY 


SOIL  DESCRIPTION 


SILTY  SMID.  liflit  broan.  lint, 
ttll  irtdtd,  Itttt  (0-2*), 
■adiua  dtnta  (2*-4.5*),  eal- 
earttut,  aoat  nan  plaatie  sill, 
tract  ol  Tina  (rawal. 


SANOT  SILT,  brerni,  lira,  non 
ML  plaatie.  calcartaua:  nith  fina  ta 
atdiua  sand;  aealtarad  lanas  aith 
a  tract  of  Tint  (ravtl. 


SILTY  SAND,  broan.  lint  to  aadiua. 
atdiua  danaa.  aubanpular  to  aub- 
raundtd,  ealcaraoua.  aoat  loo 
plaatieity  tilt  and  clay:  traeo 
of  fina  graval.  _ 


SANDY  SILT,  broan.  lira,  non- 
plaalie,  ealearaaat:  aoat  fina 
sand. 


SAND,  broan,  fina  ta  ntdiun,  danaa 
aubangular  to  aubroundod,  eal- 
eartout.  tract  of  non  plastic  silt, 
tract  of  fina  (ratal. 


jp  SANDY  GRAVEL-6RAVELLY  SAND,  broan. 
fina  to  eoarat.  aadiua  danaa  to 
danaa.  aubangular  to  tubraundtd. 
ealcaraoua.  aith  fina  ta  aadiua 
Ltand.  tract  of  tilt. 


CLAYEY  SILT,  broan.  stiff.  Ion 
plasticity,  ealcaraoua.  tract  ol 
fina  sand,  layar  ol  broan,  hard, 
aadiua  plasticity  clay  (47.5'- 
50')  lanat  ol  vary  dtnta,  silly 
sand  (S0'-50.5'). 


Total  Oapth  51.0'  (IS. 5a) 


A(ocl) 

to  ISO  no  120  130  140 


SIEVE 

ANALYSIS 


3  72  25 


0  47  S3 


0  21  79  NP 


SO  48  2 


A(>g/a'*) 


SAMPLE  TYPES 

OD  STANDARD  PENETRATION  TEST 


FU8R0  DRIVE 


HD  BUL* 


I 


91  pitcher  tube 

ENGINEERING  PARAMETERS 

4  —  STANDARD  PENETRATION  TEST  (ASTM;  0-1588-67) 
I  —  N  VALUE  GREATER  THAN  100  BLOWS  FOOT 
A  —  DRY  UNIT  WEIGHT  (ASTM:  0-2937-71) 

• -  MOISTURE  CONTENT  (ASTM:  0-2216-71) 

I  —  NO  RECOVERY 


ELEVATION 
DATE  DRILLED 
DRILLING  METHOD 
HOLE  DIAMETER 
CASING  INSTALLED 
RATER  LEVEL 


3320'  (IQ12a) 

12  Ooetabor  1B7T 
Holloa  Stsa  Augtr 
6  5/8"  (I88na) 
Nona 

Not  Apparont 


LOG  OF  BORING  SS>B-4 
SAN  SIMON  VALLEY.  ARIZONA 
HIGHLANOS  CSP 


Ml  SITING  investigation 
DEPARTMENT  OF  THE  AIR  FORCE  -  SAMSO 


iirrnUVEU  ai 


I 


FN-TR-26C 


70 

75 

60 

100 

100 

100 

60 


20 


80 


h3 


he  2o4 


DEPTH 


H9 


^12 


40- 


IS 


SO- 


Majo 


SOIL  DESCRIPTION 


sc 


6C 


SANOr  GRAVEL,  rad  brosn.  fin*  to 
eoirot.  poorly  grodod,  danso  to 
vary  danso,  tubangular  to  sub- 
roundad,  ealearoous,  toaa  oodiua 
to  eoorso  sand,  soaa  loo  plasti- 
^eity  clay  and  silt. 

GRAVELLY  SAND,  rad  broon.  (ins  to 
eaarsa,  poorly  gradad.  vary  danso, 
subangular  to  subroondad,  eal- 
earasus,  soaa  fina  la  eaarsa  graval 
soaa  loo  plasticity  clay,  seattaradj 
|\eohhlos. _ _ 


GP 


SANDY  GRAVEL,  darb  yalloa  brown, 
fina  to  eoarso.  poorly  gradad.  «ary| 
idansa,  subangular  to  subroundad 
^ealearoous.  soaa  fina  to  aadiua 
land,  a  littia  low  plasticity  clay. 


I  SANDY  GRAVEL,  dark  rad  brawn,  fina 
to  eoarso,  poorly  gradad.  vary 
Idansa,  ealcaraaus,  a  littia  fina 
ito  eoarso  sand,  traca  af  low 
iplasticity  silt. 


SC 


CLAYEY  SAND,  rod  and  white .  fins  t 
■adiua,  poorly  gradad.  vary  dansa. 
subangular  to  suhroundod.  cal- 
carasus;  with  low  plasticity  clay, 
a  littia  fina  graval,  staga  I  to 
ilago  n  cal ieho. 


GRAVELLY  SANO,  rad  brown  and  whita.i 
fina  to  eoarso,  poorly  gradad,  varyl 
Idansa,  subangular  to  subroundad, 

I  ealearoous.  soao  fins  graval.  sous 
Ion  plasticity  elay.  scattorad 
I  cai ieho  nodulas. 


I  CLAYEY  SANO.  yoilon  rod.  fina  to 
|aodiun,  wall  gradad,  vary  danso, 
subangular  to  subroundad,  eal- 
caraous,  with  low  plaslieity  clay, 
tries  of  fina  graval. 


Total  Oapth  54.0’  (16. Sa) 


SAMPLE  TYPES 

00  STANDARD  PENETRATION  TEST 


A(0C() 

U  100  no  120  130  140 
—I - 1—  4  II - »— ■ 


10  IS  20  2S  30  3S 
U(S) _ 


1400 


1100 


1200 


A(>B/U'') 


SIEVE 

ANALYSIS 


GR 


41 


13 


SA 


33 


52 


FI 


26 


43 


46 


LL 


20 


35 


PI 


12 


BORING  DETAILS 
ELEVATION 
DATE  DRILLED 


3940'  (I20ln) 

13  Ooeoabor  1977 


1 

1 

L 

K  M  FUGRO  DRIVE 

rm  bulk 

Ql  PITCHER  TUBE 

ENGINEERING  PARAMETERS 

DRILLING  METHOD  ;  Rotary  Hash 

HOLE  DIAMETER  :  *  7/8"  (I24na) 

CASING  installed:  Nons 

WATER  LEVEL  :  Not  Apparent 

N  —  STANDARD  PENETRATION  TEST  (ASTN:  0-1586-67) 

R  -  N  VALUE  GREATER  THAN  100  BLOWS/FOOT 

A  —  DRY  UNIT  HEIGHT  (ASTM;  0-2937-71) 

• -  MOISTURE  CONTENT  (ASTM;  0-77IB_7|) 

LOG  OF  BORING  SS-B>8 

SAN  SIMON  VALLEY.  ARIZONA 
HIGHLANDS  CSP 

i 

!  'i 

1 

NR  —  NO  RECOVERY 

Ml  SITING  investigation 

department  of  the  air  force  -  SAMSQ 

nrrvjM 

i  1 

r'  ■  X  ' 

'  ^  - - ^ 

BULK  SAMPLE 


SOIL  DESCRIPTION 


SANDY  GRAVEL,  brown,  tine  to  eoarto.  poorly 
gradod.  anbongular  to  subroundod;  dry.  non- 
stratiflod.  non  coaontod.  a  littia  eobblaa  and 
bouldort.  ■aiiauB  aizo  1.0*.  aoaio  lino  to 
eoarto  tand.  toao  Ion  plaatieity  clay  and  tilt, 
ttaga  Z  to  ttago  ^  calicha. 


SANDY  GRAVEL,  gray,  tint  to  eoarto.  nail  graded, 
tubangular  ta  tnbroundad,  ealearaaut.  dryi  nan 
atratifiad.  ■adaralaly  to  ttrongly  eaoantad 
ttago  11  to  ttago  III  calicha.  toaa  eobblat  and 
bouldart.  aaiiaua  tiza  1.2*.  with  fine  to  eoaraa 
tand.  trace  of  tilt. 


imnunmnii 


49  40  II 


SILTY  CLAY-CLAYEY  SILT,  light  bronn.  Ion  to 
y  aodiua  plactieity.  calcaraout.  dry.  hoaogantout. 

non  eeaantod.  a  littia  line  ta  eoarto  tand.  trace 
*****  of  line  graaol.  teattarad  hard  clay  nadulat. 


Total  Doplh  It. S’  (3.5a) 
Stability  ol  Vortical  Wallt; 
Stable 


17  7B  44  17 


TRENCH  DETAILS 

SURFACE  ELEVATION 
DATE  EXCAVATED 
SURFACE  GEOLOGIC  UNIT 
TRENCH  LENGTH 
TRENCH  ORIENTATION 


3400'  (1038a) 

ID  Oacaabar  1977 
AS  I 

29'  (8.8m) 

NS 


I 

I  DEPAH 


LOG  OF  TRENCH  SS-T-I 
SAN  SIMON  VALLEY,  ARIZONA 
_ HIGHL.^NDS  CSP 

MX  SITING  INVESTIGATION  ' 

iMeNT  OF  The  AIR  force  -  SAMSO 


SOIL  DESCRIPTIOH 


SILTY  SMO.  light  brouR,  fin*  to  aidjua,  atli 
grad*il.  subangular.  ealearaoua,  dry,  non 
stiatifiad,  nan  eaaantad,  loa*  Ion  plasticity 
tilt  and  clay,  traca  of  fin*  graval. 


SILTY  CLAY,  light  broan,  aadiua  to  high  plasti¬ 
city,  ealcataous.  dry.  hoaoganaout,  osakty 
eaaantad  to  non  caaontod,  toa*  fin*  sand. 


SANDY  CLAY,  gray.  Ian  plasticity,  ealearaons, 
dry,  haaoganaaut.  aodaralaly  to  strongly 
eaaantad.  soa*  fin*  to  aadiua  sand,  stag*  3X 
to  stag*  XCC  cal ieho,  traca  el  graval. 


lElEIQiaGSI 


1  ST  32 


25  75  57  37 


CLAYEY  SAND,  braan,  fin*  to  coarse,  nail  graded, 
angular  to  subangular,  uilh  Ion  plasticity  clay 
and  silt,  traca  of  graval. 


Total  Depth  12. D'  (3.7a) 
Stability  of  Vortical  Walls; 
Stable 


TRENCH  DETAILS 

SURFACE  ELEVATION 
DATE  EXCAVATED 
SURFACE  SEOLOGtC  UNIT 
TRENCH  LENSTH 
TRENCH  ORIENTATION 


3540’  (1079a) 

11  Daeaabar  1977 
A9y 

31'  (9.4a) 

NS 


LOG  OF  TRENCH  SS-T-3 
SAN  SIMON  VALLEY,  ARIZONA 
_ HIGHLANDS  CSP 

MX  siting  investigation 
department  of  the  air  force  -  SAMSO 


BULK  SAMPLE 


FM-lR-SBe 


SOIL  DESCRIPT  I OH 


CLAYEY  SAMB-SILTY  SAND,  lifht  hroaii.  (in*,  poorly 
irodod.  eoleorooa*.  dry  (O-O.S*),  iliphtly  noiot 
(O.S*  to  a. O'),  non  otrotifiod,  non  eoMntod. 
with  Ion  plootieity  cloy  and  silt. 


tUQlQIlDDII 


SS  45  26 


SAND.  Mtht  brown,  lino  to  ■odiua,  poorly  prsdod. 
eolearootts.  dry.  stratitiad.  iravol  ineroatot  nith 
dopth  (roa  a  traca  at  3’  to  a  littio  at  6*.  non-  tO  82  8 
eaaontod.  traco  at  non  plastic  silt. 


SILTY  CLAY.  gray.  Ion  plasticity,  calcaraaus,  dry. 
hoBoganaoas,  non  caaantad. 


SILTY  SAND,  light  bronn.  fins,  poorly  gradod.  esl- 
■odiun  stratified  nith  lonsss  of  sandy  silt, 

dons*  eoaontad.  soaa  non  plastic  silt; traca  of  fins, 
roundod  graool. 

1  66  33 


Total  Oapth  12.5*  (3.Ba) 

Stability  of  Vortical  Walls: 
Stable 


TRENCH  DETAILS 

SURFACE  ELEVATION  :  3320'  (I0t2n) 

DATE  EXCAVATED  :|l  Ooeonbor  1977 

SURFACE  CEOLOGIC  UNIT  :  A4o 
TRENCH  LENGTH  :  26’  (8.Sa) 

TRENCH  ORIENTATION  :  N79W 


LOG  OF  TRENCH  SS-T-5 
SAN  SIMON  VALLEY,  ARIZONA 
_ HIGHLANDS  CSP 

MX  SITING  INVESTIGATION 
OEPARTIIENT  OF  THE  AIR  FORCE  -  SAMSO 


F‘<-TR-26r 


PERCENT  FINER  BY  WEIGHT 


SAMPLE  INTERVAL 


STANDARD  SIEVE  OPENING 


U  S  STANDARD  SIEVE  NO 


IblorsI  cobbles 


GRAVEL 


CO  * 

FEET 

METERS 

24” 

12” 

6” 

3" 

3 '4" 

3  B 

r/-i 

s 

,  b  1-n .  i(j 

1 11 .  vJ-  10  .  1 

lOu 

34 

o9 

1  ).  'J-  •  M.  J 

l.ob-t. 20 

i 

'J.  ‘-1  ■ 

t.. lb- 3. 20 
■4  .  S7-4 . 

-  — 

-- 

— 

-  - 

. ... 

V-4 

:a  . 

.j.52-r..77 

r 

7 . 6  J  -  7 . 8  T 

to.  i.i.  7 

14-0.30 

'iO.  7-  '1 .4 

).  3*;-0.  b7 

_ SILT 

IDO  200  I  . 


is.4b-is.b7 


■■■ 


NOTES: 

(a)  Sample  types  (c)  USCS  -  Unified  Soil  Classification  System 

S$  -  Standard  split  spoon 

P  -  Pitcher  (d)  *  Indicates  that  test  has  been  performed 

0  -  Fugro  Drive  and  results  are  included  in  this  report. 

B  -  Bulk 

(b)  NP  -  Not  Plastic 


ITTERBERG 
LIIITS  (b) 


LL  PL 


DRY  UNIT 
WEIGHT 


IN-SITU 


_  3:  ** 
o  S 

m  u 


:-i7.7  I  1405 


H7.  !  I  n08 


1  ioi  I  : 


1  7h8  I  3s.  t-« 


45.  ) 


COMPACTED 


MAXIMUM 

DRY  DENSITY 


(HcO  |(k|»3) 


Cd  >  &0 
UJ  < 

o.  as  u. 

C/>  o 


—  « 


s 

u  I  C3  C/> 


_  CJ  — 

^  2  < 

CO  ^ 

X  a:  UJ 

o  o  oe 


iSBSSi 

■iBi 


SUMARY  OF  LABORATORY  TEST  RESULTS 

BORING  SS-B-I 

SAN  SIMON  VALLEY.  ARIZONA. 

HI6HLAN0S  CSP 

MI  SITING  INVESriGITION 

TAtLC 

C-1 

OEPIFTMENT  Of  the  »IP  FORCE 

SAMSO 

BORING 

NO. 


SS”B”I 


SS-B-2 


SAMPLE 

NO. 


SAMPLE  INTERVAL 


NORMAL  STRESS 


MAXIMUM 
SHEAR  STRENGTH 


SS-B-3 


SS-B-4 


SS-B-6 


SS-B-11 


SS-B-13 


FEET 


10.0-10.5 


lO.O-IO.S 


10.0-10.5 


2. 0-2. 5 


2. 0-2. 5 


2. 0-2. 5 


10.3-11.4 


10.3-11.4 


10.3-11.4 


10.0-10.5 


10.0-10.5 


10.0-10.5 


2.5-3, 


2.5-3. 


2.5-3. 


2.5-3. 


2.5-3. 


2.5-3. 


2. 0-2.5 


2. 0-2. 5 


2. 0-2. 5 


5. 0-5. 5 


5. 


5. 


METERS 


3.05-3.20 


3.05-3.20 


3.05-3.20 


.76 


.76 


.76 


3.32-3.47 


3.32-3.47 


3.32-3.47 


3.05-3.20 


3.05-3.20 


3.05-3.20 


.76-0.91 


.78-0.91 


0.76-0.91 


.76-0.91 


.76-0.91 


.76-0.91 


.76 


.76 


.76 


1.52-1.68 

SC 

1.52-1.68 

SC 

1.52-1.66 

SC 

.2 

10 

.5 

24 

m 

48 

.0 

46 

.0 

96 

a 

192 

El 

48 

m 

96 

n 

192 

.2 

mm 

.5 

24 

H 

Bi 

.2 

10 

.5 

24 

B 

.2 

10 

.5 

24 

B 

48 

.5 

24 

B 

48 

.0 

96 

!  _ 1 

SUMMARY  OF  DIRECT  SHEAR  TEST  RESULTS 
SAN  SIMON  VALLEY.  ARIZONA 
HIGHLANDS  CSP 


u«  <:iTiNr.  iMVPCT  I  r.»t  I  nn  I  T»(i? 


ux  SITING  investigation 

OEPARTNENT  of  the  air  force  -  SAMSO 


JkJJL'.J:f. 


PERCENTAGE  OF  MAXIMUM  DRY  DENSITY 


CBR  (S) 


SYMBOL 

COMPOSITE 

SAMPLE 

NUMBER 

B 

O 

A 

SC 

□ 

B 

SC-SM 

CALIFORNIA  BEARING  RATIO 
(CBR)  CURVES 

SAN  SIMON  VALLEY,  ARIZONA,  HIGHLANDS  CSP 

Ml  SITING  INVESTIGIIION 

DEPIRTMENT  OF  THE  IIP  FORCE  SIMSO 

MGURC 

C-7 

PERCENT  FINER  BY  WEIGHT 


END 


DATE 

FILMED 


DTIC 


